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Accuracies to be expected in this study: dilutions > 10

percent, volume of flow 3 10 percent, time of travel =10 to =20 percent

(that is, the value given may be 10 to 20 percent below those which
will actually be observed in the field)
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CGE
‘AGCIDENTAT, SPILIAGE OF RADIOACTIVE WASTE
- - INTO
CLINCH RIVER

Repdrt No. 1

TIME OF TRAVEL, PROBAELE FIOWS, AND DISPERSION

IAi connection with studies being made by the Atomic Energy Commis-
sion of the potential hazard at downstream locations that may result from
the release of radioactive contaminants into Clinch River in the vicinity of
the Oak Ridge National Laboratory, certain data are needed on several factors
concerned with the flow of water through TVA reservoirs. These data are
diréctly related to the operation of the multiple-purpose system of reser-
“voirs by TVA and can be supplied only by TVA.

This report gives the results of the initial portion of investi-
gations being made to supply these data and relates to the first three items
.of information requififg by Dr. Karl Z. Morgan, Director of the Health
Physics Division, #¥%+&., in his letter of January 29, 1952, to Dr. O. M.
Derryberry, Director of Health, TVA. These three items ares

1. Time of water travel under normal (or average) conditions
from Glirch River mile 20.8 to downstream points, including
Tlinch River miles 13.2 and L.lL, Emory Rivér mile 12.8,
Tennessee River miles 967.7 and L65.3 during (a) non-
stratified and (b) stratified flow conditions. Plate 1

shows the relative geographical location of these points.
2, “Probable discharge at each of these points and consequent
dilution, assuming mixing at the source (Clinch River mile

20.8) and considering stratification if it exists.
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3. Reduction in peak concentration (due to dilution and disper-
sion alone) and duration of concentration exceeding 1 percent
of the initial concentration (after mixing at Clinch River
mile 20,8) for each of the points in (1) assuming uniform
rate of discharge of wastes at Clinch River mile 20.8 over a
period of (a) six hours, (b) one day, (¢) one week,

(d) twenty days.

Ovér a long period and covering a wide range of reservoir opera-
tions, Hydraulic Data Branch engineers have accumulated much data concerning
temperature and flow conditions in many TVA reservoirs. These data provide
excellent basic information for solving the problems posed by Dr. Morgan.

In particular, surveys of water temperatures and alkalinities for studies of
the Harriman, Tennessee, water pollution situation which were made every
month over a period of several years, time of water travel investigations in
Fort Loudoun Reservoir, and observations of water temperatures and velocities
in Clinch River recently made in studies for the Kingston Steam Plant provide
valuable basic data useful in this study.

Characteristics of Flow Through Reservoirs

Twe basic conditions exist in most TVA reservdirs which affect the
genéral flow pattern. These conditions occur at different seasons of the
year and are dependent upon whether or not the waiter in the reservoir be-
comes thermally stratifisd. In a series of reservoirs, temperature of water
released from upstream reservoirs has an importent part in the thermal
stratification and flow through the dewnstream reservoirs. 1In general,
stratified flow occurs during the late spring and summer months., During the
remainder of the year, non-stratified flow occurs; as stratification does

not exist during that time.

During the non-stratified flow period, water flows through a reser-
voir occupying an effective area of flow which is almost the entire cross
section of the reservoir., Water in the reaches of embayments beyond the
effective area of flow is subject to gradual replacement by diffusion which

has no appreciable effect on the longitudinal movement of the principal flow.



" When this normal flow condition exists, the average velocity of the water
flowing past & given point is equal to the total discharge divided by the
effective area normal to the flow at that point. The time of water travel
between points in a reservoir is then equal to the distance between those

points divided by the average velocity.

But during the period of thermal stratification, flow through a
reservoir follows a very different pattern which has an important influence

on time of water travel through a reservoir.

Pheénomena of Flow During Thermal Stratification

Tn general, thermal stratification occurs during the period May
through Septenber. This period may vary at each end of the change-over by
about a month. In Watts Bar Reservoir this phenomenon is due to a combina-
tion of the heating of the water surface by solar radiation, the lower
temperatures of the discharges from the upstream tributary reservoirs,
Norris and Calderwood, and the cool water from Douglas and Cherokee Reser-
voirs which flows through Fort Loudoun Reservoir into Watts Bar Reservoir.

"During the stratification period a large portion of the inflow into Watts
Bar Reservoir is from the upstream tributary reservoirs which are discharging
cold waters. At this time of year, the heat gain due mainly to solar radia-
tion exceeds the heat losses due to e€vaporation, back radiation, convection,
and conduction. As a result, the upper strata of water become warmer than
the lower strata.” A1l of the water is above the temperature of maximum
densify (39.2°F) so that the warmer the water ‘the lighter is its density.

It follows then that stratification will occur with the coldest water on the
bottom and the warmest on top provided no other forces exist to break up
this occurrence., Such forces will result when flows are great enough to
cause appreciable turbulence. This turbulence will break up the stratifica-
tion in Watts Bar Reservoir, because the rese}voir'is relatively shallow,
dnd stratification in this resefvoir is an induced rather than a natural

phenomenon.

When the flow into Watts Bar Reservoir is less than that which
produces appreciable turbulence, waters flowing into the reservoir seek

levels consistent with their temperatures. If these inflowing waters are as
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cold as any water in the reservoir, their level will be on the bottom. If
they are intermediate in temperature between the extremes of temperatures
existing in the reservoir, an interflow will occur. If the inflow is as

warm as surface water temperatures, flow will be through the surface layer.

In this study, specific interest during stratified conditions is
in the flow phenomena in the Clinch River embayment below Clinch River mile
20.8, in the Emory River embayment below Emory River mile 12.8, and in the
main Watts Bar Reservoir below the mouth of the Clinch River.

Thermal stratification will exist in the Clinch River embayment
above the mouth of the Emory River whenever Clinch River flows do not exceed
about 7000 cubic feet per second. For discharges greater than this suffi-
cient turbulent mixing occurs to break up or prevent stratification. This
limit has been determined by field measurements to correspond to a velocity

of about 0.5 foot per second.

A Clinch River flow of about 1000 cubic feet per second or less
will gain sufficient heat in traversing the river channel between Norris Dam
and the backwaters of Watts Bar during the stratified flow period to make it
warmer than the bottom layers in the Clinch River embayment yet colder than
the surface layers. As a result, these lower flows move as interflows. By
the time the main Watts Bar Reservoir is reached the Clinch River water is
unidentifiable as a separate stratum. This circumstance is due to its mixing
with the water in the lower end of the Clinch River embayment and with the

-inflbWing waters of Fort Loudoun and Calderwocd Reservoirs.

Clinch Rivér water will move up the4Emory River embayment during
the stratification period when the flow from the Emory River is Tess than
about 500 cubic feet per secend. The forces causing this flow are derived
from the difference in densities due to témperature and from the viscous
shear between the fairly well defined strata., The distance Clinch River
water moves up the Emory River depends upon the magnitude and duration of
the Clinch River discharge. The data indicate that a Clinch River discharge
of at least 3000 cubic feet per second maintained for about a week is re-
quired to give the necessary strata depth to cause these waters to move up
the Emory River embayment as far as the Harriman water plant intake at Emory
River mile 12.8. Movement up the Emery River on the bottom or on the top



depends upon whether the Clinch River water is colder or warmer than the water
flowing out of the Emory River. This movement is very slow, varying between
0.6 mile per day at the lower fiows to 1,0 mile per day at higher flows. How-
ever, a flow out of the Emory River of more than 500 cubic feet per second is
sufficient to push the Clinch River water downstream away from the Harriman
water intake.

Occasions will arise near the end of the stratified flow period in
the fall when the Clinch River water is warmer than the Emory River water.
As the Emory River water flows downstream along the bottom, the warmer Clinch
River water will move upstream along the top due to longitudinal circulation.
Since the Bmory River flow is usually low at this time, the Clinch River water
will move upstream beyond the intake and at an elevation higher than that of
the intake, gradually cooling to the Emory River temperature. The cooled
Clinch River water will then mix with the downstream Emory River flow on the
bottom and will be drawn, though dilute, into the water plant.

Observed data between 194l and 1948 during the stratified flow
period show that a steady Clinch River discharge of about 6000 cubic feet per
second maintained its identity as a separate stratum flowing at the bottom of
Wabts Bar Reservoir all the way to the dam. The mass of water contained in
this flow is so large that it does not readily mix with overlying strata.
Furthermore, Norris releases over 600C cubic feet per second are usual’l.y more
steady flows than lesser rates. The lesser rates of flow are usually unsteady
and mix with other inflowing waters in Watts Bar Reservoir. This mixing pre-
vents these flows from remaining separate strata in that portion of the

reservoir,

No data are available’ for temperatures in Watts Bar Reservoir when
Clinch River flows exceed Norris turbine capacity (about 8500 cubic feet per
second). Such flows in the stratified flow period are umusual. However,
should they occur, the entire cross-section of the Clinch embayment would be
f£illed with cold Norris water. With relatively low flow in the main river
below the mouth of the Clinch River, this cold water would flow as a separate
stratum at the bottom of Watts Bar Reservoir. If the total flow into Watts
Bar Reservoir is large enough to require the entire cross-section, the
inflowing Clinch water would become indistinguishable as a separate
stratum, The rate of travel would then be a function of this total
flow through Watts Bar Reservoir rather than of the Clinch River flow
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alone. When this total flow exceeds about 50,000 cubic feet per second,
stratification in Watts Bar is broken up and becomes non-existent. The rate

of water travel is then that of non-stratified flow.

“Observed data from temperature surveys in Chickamauga Reservoir
show that stratification in that reservoir occurs only at the extreme lower
portion near the dam so that flow through Chickamauga Reservoir is treated

as non-stratified,

Time of Water Travel

Non-Stratified Flow Conditions

Non-stratified flow conditions due to temperature exist from about
October through April in the Clinch River embayment of Watts Bar Reservoir
and in the main reservoir. Plate 2 shows the variation of time of water
travel with steady discharge and pool elevation during non-stratification in
the Clinch River from mile 20.8 to downstream points on the Clinch River.
Plate 3 shows the time of water travel during non-stratitication in Watts
Bar Reservoir from the junction ot the Clinch and Tennessee Rivers at
Tennessee River mile 567.7 to Watts Bar Dam at Tennessee River mile 529.9.
Plate Li shows the time required for various steady discharges to pass from
Tennessee River mile 529.9 to the Chattanooga water plant intake at Tennessee
River mile h65.3. Since Chickamauga Reservoir has practicaliy no stratifica-
tion through the year, Plate L is applicable to year-round flow conditions.
In general, the time of water travel between two points for a given pool

elevation varies inversely with the discharge.

Normally, during this pericd, there will be no movement of Clinch
River water up the Emory River embayment to mile 12.8, the location of the
Harriman water plant intake. However, if the level of Watts Bar Reservoir
is raised at such a rate that the infiow from the Emory River is less than
the storage rate in the Emory River arm some Clinch River water will flow
into this embayment. In a flood régulation the usual rate of storage in the
Emory River arm of Watts Bar Reservoir is less than the rate of inflow from
Emory River during the non-stratification period,



Stratified Flow Conditions

Ciinch River--Plate 5 shows the time of water travel from Clinch

River mile 20.8 to downstream points on the Clinch River with Watts Bar

Reservoir at elevation 7LO which is about the mean level during the period
vhen stratified conditions prevail. For discharges less than 7000 cubic

feet per second there is an appreciable shortening in time of travel to down-
stream points compared to non-stratified conditions as may be seen from a
compatrison of Plates 2 and S. Vhen Clinch River flows exceed about 7000
cubic feet per second, stratification does not occur in this embayment above
the mouth of the Eﬁory River and does not occur in the entire embayment when

flows excéed 10,000 cubic feet per second.

Fmory River--During the period of stratified flow some Clinch
River water will flow up the Emory River on the bottom as far as the
Harriman water plant intake at mile 12.8 under certain conditions. These
conditions are:
1. A Norris Dam release of at least 3000 cubic feet per second
is required to provide sufficient cold water depth to reach
the intake.

2. Daily average discharges from Norris Reservoir of 3000 cubic
feet per second or more must be continued for about a week’

in order for the cold water to reach this intake.

3. A flow from the Emory River of less than 500 cubic feet per
second is required to permit the Clinch River water to reach
the intake. (A flow of more than 500 cubic feet per second
occurs slightly under 50 percent of the time during the
stratified flow period and seldom for long durations.)

The movement of the Clinch River water up the Emory River embayment to the
Harriman water plant intake is very slow, requiring about 21 days when the
Norris release is about 3000 cubic feet per second and about 12 days when

it is about 5000 cubic feet pér second,

Watts Bar Reservoir--From the occasions that it has been possible

to identify Clinch River water from the isothermal patterns between Tennessee
River miles 567.7 and 529.9, it has been found thats:




1. A Clinch River discharge over about 6000 cubic feet per second will
travel as a distinguishable water mass between Tennessee River miles
567,7 and 529.9 in about six and one-half days when the total flow
through Watts Bar Reservoir is less than about 50,000 cubic feet per

second,

2. A Clinch River discharge less than 6000 cubic feet per second does
not travel as a distinguishable water mass but mixes with other re-
leases flowing into Watts Bar Reservoir. Under this condition the
mixture moves through the reservoir as a deeper stratum than would
Clinch water alone. The time of travel is dependent on the total flow
through the reservoir. Between miles 567.7 and 529.9 it varies uni-
formly from seven and one-half days for a total flow of about 20,000
cubic feet per second to four and one-half days for about 50,000
cubic feet per second.

3. When Watts Bar inflows exceed about 50,000 cubic feet per second,
stratification no longer exists. The time of travel is then deter-
mined from Plate 3 for non-stratified flow conditions.

Chickamauga Reservoir--As no appreciable stratification occurs in

Chickamauga Reservoir, the curves for time of water travel shown on Plate L

cover year-round conditions.

Accuracy
The average times of water travel obtained from Plates 2, 3, L, and
5 may be 10 to 20 percent lower than values actually observed in the field.

Observed T%" e of Water Travel during Accidental Spillage of Radioactive Wagte
in May y

In May 1952 a minor accidental spillage of radioactive waste into
White Oak Creek occurred. This spillage provides data sufficiently pertinent
to warrant recording in some detail. Samples were taken by the Ozk Ridge
National Laboratory below the dike forming White Oak Lake less than a mile
above the junction of the creek with the Clinch River at mile 20.8. Samples
were also taken by the K-25 Health Physics Section at the K-25 steam plant
intake at Clinch River mile 13.2. One daily grab sample was taken about
11:00 a.m, each day from May 22 to June 25 below the dike. A L8-hour
composite sample was taken at the lower point during the same period. A
portion of the results are shown on Plate 6, An attempt was made to draw a
smooth distribution graph for each station. Due to the method of measuring
radioactivity at the lower station the mobable errors are large. However,
the trends are apparent. The hydrograph of the Clinch River near Scarboro



located at mile 38.9 is reproduced in the upper portion of the plate. This
'hydroéfaph shows flow conditions during the sampling period. The time of
beginning of increase in radicactivity as measured at the two points, Clinch
River miles 20.8 and 13.2, shows that the time of water travel between these
points is about two days. ‘During the passage of the peak concentration the
time of water travel shown by the estimated peaks is slightly over four days.

This accident occurred during the stratified flow period for which
the curves of Plate § are applicable. To obtain the flows occurring between
Clinch River mile 20.8 and 13.2, which are needed to use Plate 5, the
Scarboro hydrograph must be lagged by the time of wave travel from the gage
at Clinch River mile 38.9 to mile 17.0, the mid-point between the points of
interest. Studies of wave travel by the Hydraulic Data Branch show that this
time would be about four hours. Since the "flows were unsteady the times of
water travel are computed using average flows for 12-hour periods determined
from the Scarboro hydrograph lagged four hours. The times of water travel
corresponding to these flows can be obbained from Plate 5. These times are
then arithmetically averaged to obtain the time between points of beginning
of increase in radioactivity or between peaks. When flows are unsteady, a
trial and error method is necessary to obtain an average over .a period
approximately equal to the time of water travel., The first trial may result
in taking average flows over a total period not equal in duration to the
time of travel. This error can be readily adjusted by lengthening or
shortening the total period originally chosen until close agreement is

reached between the two times.
The following tabulation will show the method useds

Between Beginnings of Increase

Average Scarboro Time of Water
Date Hour Flow-cfs Travel Days
May 27 8P
‘ 2700 1.3
28 8A
2500 1.L
28 8p
2300 1.5
29 _on

Periods 11 days Average: 1.5 days
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Between Peak Concentrations

Average Scarboro Time of Water
Date : Hour Flow-cfs Travel-Days
May 30 8p
900 3.5
31 8a
. L50 6.8
31 8p
350 8.8
June 1 84
300 10.L
1 8p
1100 3.0
2 84
800 L.o
2 8p )
3600 0.9
3 8A
2200 1.6
3 8P
3000 - 1.2
L 8A .
Periods: L days Averages: 4.5 days

No attempt was made to draw the approximated distribution graphs on Plate 6
according to the curves of Plate 5.

Probable Flows at Pertinent Points

Table 1 on page 1l gives the maximum, mean, and minimum daily flows
by months at each point on the Clinch, Emory, and Tennessee Rivers requested.
A mean flow for the non-stratified and stratified flow period is also given.
These flows are based upon observed data between 1945 and 1951 when the
reservoir system above the points was practically complete and can be con-
sidered typical with regard to operating conditions. The mean daily flow
for each month shows the variation which may be expected throughout the year
at each point and represents the probable flow available. The maximum and
minimum daily flows for each month show the extremes which were experienced
during the period 1945-195%. These values may be exceeded in the future as
they are dependent upon runoff conditions and, except for the Emory River
mile 12.8 data, upon power loadings at upstream hydroelectric plants.
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Plates 7 fo 11 show the chronological sequence of maximum, mean, and minimum

tlows at each requested river mile for the period 1945-1951.

Reducétion in Peak Concentration

Reduction in peak concentration takes place in the reservoirs and
can be attributed to two principal causes. One is the dilution of the orig-
inal contaminated mass by being mixed with additional inflowing waters. The
ratio of the new concentration to the original concentration will then be
inversely proportional to the total flows available for dilution at each
point. The other cause is the dispersion of the original mass into portions
of the reservoir through which it passes with gradual diffusion into embay-
ments. The magnitude of the reduction is dependent upon the existence of
non-stratified or stratified flow conditions, the reservoir pool level, and

the duration of the discharge of wastes.

Non-Stratified Flow Conditions

An esfimate has been made of the reductions in peak concentration
which would occur due to dispersion in passage through the reservoirs.
"Plates 12 to 16 show the estimated reduction in percent of initial concentra-
tion (assuming mixing at Clinch River mile 20.8) under non-stratified flow
conditions at each selected downstream point. The effect of various Clinch
River flows, Watts Bar Pool elevation, and the specified durations of dis-

charge of waste at Clinch River mile 20.8 is incorporated in the plates.

There would be additional reduction in peak concentration beyond
these amounts due to dilution by any increase in flow. It may be assumed
that there will be no reduction in concentration due to dilution between

Glinch River miles 20.8 and 13.2 as the local drainage area is very small.

Stratified Flow Conditions

Tﬁe characteristics of this flow condition are such as to yield
much less reduction in peak concentration due to dispersion than during non-
stratified flow conditions. The volume of water in which dispersion occurs

at this time varies with the magnitude of the discharge and its stratum

e Tt A T e A LA 7, 220 s s ey 7oty St Su it e 7 b, 6 S

PR ™ e TR



12

location. This reduction is estimated for two assumed simple cases of
stratified flow with the total flow through Watts Bar Reservoir less than
50,000 cubic feet per second. One case is for a Clinch River flow of 3000
cubic feet per second which mixes with other releases flowing into Watts Bar
Reservoir and moves as a deeper stratum than would the Clinch water alone.
The other case is for a Clinch River flow of 6000 cubic feet per second which
does not mix but flows as a distinguishable stratum at the bottom of Watts
Bar Reservoir. Table 2 on page 15 shows the estimated reduction in peak con-
centration due to dispersion for these two assumed flow conditions for each
point requested., These tabulated values are for peak concentration in the
bottom stratum and represent the highest concentration at any point in the
cross-section, not averages in the entire section. The results shown in
Table 2 for Emory River mile 12.8 should be regarded as probably the least
reduction which will occur under any stratified flow condition. Changing flow
patterns in the Clinch River and in the Emory River would result in greater
reductions due to the creation of additional turbulence and consequent mixing

with more of the water in the Emory embayment.

There will be reduction in peak concentration by dilution in addi-
tion to that due to dispersion shown in Table 2,Iwhich will depend upon the
magnitude of the Norris release. The magnitude determines whethér the stratum
remains separate or mixes. The quantity of water available for dilution is
dependent upon existing flows. In addition to reduction in peak concentration

by dispersion, it is expected thats

1. 1If the Norris release is less than 1000 cubic feet per second,
reduction in peak concentration by dilution will occur in the

Clinch River embayment to its mouth,

2. If the Norris release is more than 7000 cubic feet per second,
reduction in peak concentration by dilution will occur in the
Clinch River embayment to the mouth of the Emory River (Clinch
River mile L.L) and in the GClinch River embayment to its mouth
(Tennessee River mile 567.7) when the Norris release is more than

10,000 cubic feet per second.

3. If Clinch River water is at the Harriman water plant intake during
the stratified flow period, reduction in peak concentration will

occur whenever the Emory River flows exceed 500 cubic feet per
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second. Near the end of the stratified flow period when Emory River
discharge is low and colder than Clinch River water, there will be
additional reduction in peak concentration by dilution at the Harriman

water plant intake from the Emory River flows.

., If the Norris release is less than 6000 cubic feet per second, there
will be reduction in peak concentration by dilution at the Watts Bar

Dam water plant, Temnessee River mile 529.9.

5, There will be reduction in peak concentration by dilution at the
Chattanooga water plant intake at all times as no significant

stratification occurs in Chickamauga Reservoir.

Accuracy

The reductions in pesk concentrations obtained from Plates 12, 13,
1k, 15, and 16 and shown in Table 2 may deviate *+0 percent from values
actually observed.

Duration of Concentration

Studies are in progress with respect to duration of concentration

and will be reported upon at a subsequent time.
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. Tennessee Valley Authority
Division of Water Control Planning
Hydraulic Data Branch

TABLE 1

Maximum, Mean, and Minimum Daily Flows in Cubic Feet Per Second

‘Clinch, Emory, and Tennessee Rivers
s ¥s

1945-1951
CLINCH RIVER EMORY RIVER
Miles 20.8 and 13.2 Mile L LD Mile 12.8
Month Maximum Mean ~ Min. Maximum Mean  Min. Maximum  Mean Min.
Jan. 22,900 8,960 1,620 70,700 1L,L0O0 2,120 50,000 L,L50 178
Feb. 27,700 10,100 1,230 89,800 15,800 2,250 69,000 4,550 L68
Mar. 12,700 5,850 690 26,700 9,450 1,830 15,400 2,910 507
Apr. 8,5L0 3,400 306 13,300 5,620 752 6,660 1,800 249
May 8,080 2,750 298 19,700 L,700 520 13,100 1,610 58
June 7,20 2,820 22l 9,280 3,320 262 5,300 396 1
Juy - 7,630 2,930 259 12,800 3,L00 281 9,230 360 21
Aug. 8,390 L,520 374 9,760 L,800 378 3,060 177 L
Sept. 8,450 Lh,620 341 13,000 L,9h0 @ Lé2 5,500 22 2
Oct. 9,200 5,130 1502 14,200 5,300 1502 5,040 93 1
Nov. 12,700  L,430 453 Lo,500 5,830 556 27,800 1,100 2
Dec., 27,000 8,360 569 60,300 11,700 593 33,300 2,720 2L
Oct.-Apr.t 6,600 9,730 2,520
May-Sept.2 3,530 4,230 553
TENNESSEE RIVER
o Mile 529,.9 Mile }65,3
Maximum Mean Minimum Maximum Mean Minimum
Jan. 181,000  L7,700 15,800 218,000 63,900 23,200
Feb. 204,000 50,800 17,900 195,000 67,900 19,700
Mar. 100,000 32,400 13,300 148,000 Lk,200 19,500
Apr. 43,700 23,800 5,200 82,000 27,700 13,200
May 38,300 20,000 3,000 95,900 28,800 17,900
June 32,100 18,900 8,200 32,800 25,500 18,900
July 87,500 19,600 6,500 106,000 26,1,00 15,400
Aug. 37,600 21,400 9,900 43,300 28,100 17,800
Sept. 39,900 22,200 6,900 54,400 30,100 17,100
Oct. 67,100 23,500 9,800 72,800 29,700 16,300
Nov. 128,000 25,400 10,300 167,000 34,000 13,600
Dec., 112,000 41,000 11,800 139,000 53,600 21,100
Oct.-Apr.l 3L, 900 15,900
May-Sept .2 20,400 27,800

1. Non-stratified flow period.
2, Stratified flow period,

a. On August 28, 1943, TVA agreed to maintain a flow of at least 150 cubic feet
per second in the Clinch River for the benefit of Oak Ridge.
b. Flows shown for Clinch River mile L.l include the Emory River-flows.

October 6, 1952



" Clinch River

Temnessee Valley Authority
Division of Water Control Planning
Hydraulic Data Branch

TABLE 2

Reduction in Peak Concentration

Due To Dispersion

Straiified Flow Conditions

15

Pércent Reduction of Initial Concentration at Cl. 20.8

Flow Durationst Glinch River Emory River Termessee River
1000 cfs Days ¥1i3.2 N L.T MO M 12.8 ¥ 529.9 M L65.3
3.0 3 38 60 76 72 97 99
6.0 21 51 69 8l 82 96
3.0 1 L 26 Lo 3} 90 95
6.0 1 0 12 30 25 51 85
3.0 7 0 0 0 0 52 72
6.0 7 0 0 0 0 2 L2
3.0 20 0- 0 0 0 22 Ll
6.0 20 0] 0 0 0 o] 1l

# Duration of uniform discharge of wastes at Clinch River M 20.8 where mixing

is assumed.

October 6, 1952
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AFPPENDICES

lccompanying are two appendices. Appendix A gives the drainage
areas in square miles above pertinent points, Appendix B is a sample

computation illustrating the use of the basic curves accompanying this
report,

16



"APPENDIX A

DRATNAGE AREAS AROVE PERTINENT POINTS

Clinch River

Mile 79.8 (Norris Dam)

Mile 38.9 (Scarboro gage) .
Mile 20.8 (above White Oak Creek)
Mile 13.2 (K-25 Steam Plant Intake)
Mile L.k (excluding Emory River)
Mile l.b (including Emory River)
Mouth

‘Emory River

Mile 18.3 (Oakdale) N
Mile 12,8 (Harriman Water Plant)
Mouth

Tennessee River

Mile 567.7 (exciuding Clinch River)
Mile 567.7 (including Clinch River)
Mile 529.9 (Watts Bar ng)

Mile 1,65.3 (Chattancoga Water Plant)

17

_éauare Miles

2912
3300
33l7
3387
3501
Lhos
A3

‘Square Miles

76l
798
865

-§dﬁéré Miles

12,170
16,883
17,310
21,390
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"APPENDIX B

TLLUSTRATIVE EXAMPLE
OF
USE OF BASIC CURVES

Given: March mean discharge data (taken from Table 1).

Dischargesat: Clinch River miles 20,8 and 13.2 . 5,850 cfs
Emory River mile 12.8 2,910 cfs
Clinch River mile L.l (below Emory) 9,450 cfs

Tennessee River mile 529.9 (Watts Bar Inflow) 32,400 cfs
Tennessee River mile 1}65.3 (Chattanooga

discharge) W1, 200 cfs
Watbts Bar Headwater El, 736
Chickamanga Headwater El. 676
Duration of waste spillags 1 day

Desired: Average time of water travel from Clinch River mile 20.8 to Clinch
‘River miles 13,2 and li.li, and to Tennessee River miles 567.7, 529.9,
and L65.3. Also, the reduction in peak concentration at each of these

poirnts due to dispersion and dilution only.

‘Since the data given are for March, non-stratified flow conditions
exist, and plates for this period are applicable,

A, Time of Water Travel

From Clinch River mile 20,8 ©0 13,2

‘The discharge of 5,850 cubic feet per second at Clinch River mile
20.8 is taken as the average discharge between Clinch River miles 20.8 and
13.2 since the intervening drainage area is small (see Appendix A), and local
inflow can be neglected,
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Enter Plate 2 with an abscissa of 5,850 cubic feet per second for

the Clinch River Discharge and at the intersection with the line marked

Watts Bar Headwater Elevation 736, on the lowest set of curves, which apply

for this reach, read on the ordinate scale the Time in Days from Clinch River
mile 20,8. The closest one-quarter day will be read in this example.

Average time of water travel from Clinch River mile 20.8 to 13.2 =
1/2 day.

From Clinch River mile 20.8 to l.lh

The average discharge between Clinch River miles 20.8 to L.l is
taken as the average of the discharge at Clinch River mile 20.8 of 5,850
cubic feet per second and the discharge at mile L.l of 9,450 cubic feet per
second reduced by the discharge of the Emory River at its mouth. The dis-
charge of the Emory River at its mouth is the discharge at Emory River mile
12.8 of 2, 910 cubic feet per second multiplied by the ratio of the drainage
area (865 sq. miles) at the mouth to the drainage area at mile 12.8 (798 sq.
miles), which is 865/798.

Then Emory River discharge at mouth = 2,910 x %-g- = 3,150 cfs

Clinch River discharge at mile L.li less Emory River discharge
at mouth = 9,450 = 3,150 = 6,300 cfs

Average discharge between Clinch River miles 20.8 and
Lol =1/2 (5,850 + 6,300) = 6,080 cfs

Enter Plate 2 with an abscissa of 6,(580 cubic feet per second for

the Clinch River Discharge and at the inbersection with the line marked Watts

‘Bar Headwater Elevation 736, on the middle set of curves, which apply for

this reach, read on the ordinate scale the Time in Days from Clinch River
mile 20,8.

lﬂ.verage time of waber travel from Clinch River miles
20,8 to kil = 1-1/2 days.

T — <y W v TN T R SR TR RN T
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From Clinch River mile 20.8 to Mouth of Clinch River

The average discharge between Clinch River mile li.l; and the mouth
of the Clinch River is taken as the discharge of 9,450 cubic feet per second
at Clinch River mile L.l (below Emory) since the intervening drainage area is
negligible (see Appendix A). The average time of water travel between mile
li.ly and the mouth correspondi’_ng to the average discharge in this reach is
added to the average time of water travel determined above for the reach
between mile 20,8 and li.ly to obtain the total time from mile 20.8 to the

mouth,

Enter Plate 2 with an abscissa of 9,150 cubic feet per second for
the Clinch River Discharge and at the intersections with the lines marked

Watts Bar Headwater Elevation 736 on the middle and upper sets of curves

read on the ordinate scales the Time in Days from Clinch River mile 20.‘8,
1 and 1-3/k days, respectively. The difference between these times, 3/l
of a day, is the time of travel between mile l.l; and the mouth of the Clinch

River. Then:

Mile 20,8 to mouth (9,450 cfs) 1-3/l days
Mile 20,8 to mile L.l (9,450 cfs) 1 day
Mile L.l to mouth 3/L day
Mile 20.8 to L.l (6,080 cfs) 1-1/2 days
Mile 20.8 to mouth 2-1/l days

From Clinch River mile 20,8 to Tennessee River mile 529,9

The average discharge between the mouth of the Clinch River at
Tennessee River mile 567.7 and Watts Bar Dam at mile 529.9 is taken as the
Watts Bar inflow of 32,1400 cubic feet per second. The average time of water
travel between these points corresponding to this discharge is added to the
time determined above for the reach between Clinch River mile 20.8 and the
mouth to obtain the total time from Clinch River mile 20.8 to Tennessee
River mile 529,9,

Enter Plate 3 with an abscissa of 32,),00 cubic feet per second for
the Watts Bar Inflow and at the intersection with the line marked Watts Bar
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Headwater Elevation 736 read on the ordinate scale the Time in Days from Ten-
nessee River mile 567.7 to mile 529.9, 7-1/L days. Then:

Tennessee River mile 567.7 to 529.9 7-1/1y days
Glinch River mile 20.8 to mouth 2-1/l days
Clinch River mile 20,8 to Tennessee River mile 529.9 9-1/2 days

From Clinch River mile 20.8 to Tennessee River mile 1165.3

The average time of travel between Tennessee River miles 529,9 and
165.3 is based on the discharge at Chattanooga of lh,200 cubic feet per second.
Then this time is added to the time determined above for the reach between
Clinch River mile 20.8 -and Temessee River mile 529.9 to obtain the total
time from Clinch River mile 20,8 to Tennessee River mile 465.3.

Enter Plate l; with an abscissa of U),200 cubic feet per second for
the Chattanooga Discharge and at the intersection with the line marked

Chickamauga Headwater Elevation 676 read on the ordinate scale the Time in
Days from Tennessee River mile 529.9 to mile 165.3, 3-3/li days. Then:

Tennessee River mile 529.9 to L65.3 3-3/h days
Clinch River mile 20.8 to Tennessee River mile 529.9 9-1/2 days
Clinch River mile 20.8 o Tennessee River mile L465.3  13-1/l days

B., Reduction in Pesk Concentration

Due to Dispersion and Dilution

The Clinch River Discharge at mile 20.8 of 5850 cubic feet per
second is used in Piaﬁes'iZ, 13, ih, 15, and 16 as the ordinate to determine

the reduction due to dispersion. The Duration 1 Day of waste spillage and

the Watts Bar Headwater Elevation 736 given in this example are the parameters
used in the Plates 12, 13, 1li, and 15, Plate 16 requires, in addition, the

Chickamauga Headwater Elevation 676,

——— NI T 1T JAN T AN TT—— A R o 2 7 D NI N B R AT L oy LR R At STt S R
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The reduction in peak concentration due to dilution is determined
from the flows available at each point., The total reduction is equal to the

products of the concentration remaining at the point (after dispersion and

diiu’cion')' subtracted from unity,

At Clinch River mile 13,2

By dispersion for 1 day duration from Plate 12 0 percent
By dilution (since flow at mile 13.2 was asswmed
same as at mile 20,8 0 percent
Total reduction 0 percent
At Clinch River mile L.l
By dispersion from Plate 13 5 percent
cq 5,850
dilution = 100 (1 - 38 percent
By dilution ( §’;55'5) | P
Total reduction = 100 /I - (1 - 0.05) (1 - 0.38)/ L1 percent
At mouth of Clinch River
By dispersion from Plate 1l 19 percent
By dilution (assuming no local inflow between
mile L.l and the mouth) 38 percent
Total reduction = 100 ﬂ - (1.~ 0,19) (1=~ 0_.38_)_7 50 percent
At Tennessee River mile 529.9
By dispersion from Plate 15 85 percent
Sqe 5,850
dilution = 100 (1 - 82 percent
By ( §§fﬂ55) P
Total reduction = 100 /T - (1 - 0.85) (1 - 0.82)7 97 percent
At Tennessee River mile 65,3
By dispersion from Plate 16 91 percent
s 5, 850:
By dilution = 100 (1 - Eﬂf‘éﬁé) 87 percent
Total reduction = 100 /I - (1 -0.91) (1 - 0.87) 99 percent
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Durations indicate period of uniform rate of
discharge of wastes at Clinch River mile CLlNCH RIVER
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Tennessee Valley Authority
Division of Water Control Plaming
Hydraulic Data Branch

EFFECT OF ACCIDENTAL SFILLAGE OF RADIOACTIVE WASTE
INTO
CLINCH RIVER

Report No. 2

WATER CONTROL POSSIBILITIES AND THEIR RESULTS

In studying the potential hazard that might result from the
release of radioactive contamination into Clinch River in the vicinity of
the Oak Ridge National Laboratory, data are needed on water control opera-
tions that might be used to retard the passage of the contamination through
TVA reservoirs, thereby aiding in reducing its effect. Since the reservoirs
are operated by TVA, these data can be supplied only by TVA.

Report No. 1 issued November 10, 1952, discussed time of travel,
probable flows, and dispersion. This report gives the results of the
remaining portion of investigations made to supply intormation requested by
Dr. Karl Z. Morgan, Director of the Health Physics Division, AEC, in his
letter of January 29, 1952, to Dr. O. M. Derryberry, Director of Health,
TVA; and covers the part of item 3 relating to duration of concentration

and the last four items stated in the letter. These last four items ares

L. By control of flow fram Norris Dam and of water level in Watts
Bar Reservoir, how long would it be possible to prevent con-
tamination from getting as far downstream as Clinch River
miles 13.2 and 4.4, Emory River mile 12.8, and Tennessee
River mile 567.7 under seasmal conditions of side drainage
for the different seasons?

5. When it becomes no longer possible to retain all of the con-
taminant in the Clinch River embayment, can the flow be
regulated in such a mammer as to discharge to the Tennessee
River very small quantities of contaminant, in other words,
let it "dribble® out?



6. In the case of (5), how long after release at Clinch River
mile 20,8 would the first contamination reach Emory River
mile 12.8, Temmessee River miles 529.9 and L65.3?

7. What would be the reduction in peak concentrations and the
duration of concentration under these conditions of controlled

release?

The anéwers which are given to these last four items are based
upon the physical possibilities of enacting the water control measures
which are needed to accomplish the retardation desired. Such measures may
conflict with the best water control operations for other purposes. For
this reason, these control measures should be considered only as operations

that are physically necessary to give desired results.

Plate 1 shows the relative geographical location of the various

points under consideration on the Emory, Clinch, and Tennessee Rivers.

Duration of Contamination

Item 3 of Dr. Margan's letter requested the duration of concentra-
tion exceeding one percent of the initial concentration (after mixing at
Clinch River mile 20.8) at each point, assuming uniform rate of discharge
of wastes at Clinch River over specified periods. None of the measurements
of concentrations taken in the various water travel studies are sufficiently
refined to determine durations of concentrations exceeding one percent of
the initial value. However, it has been possible to devise a method by
which the duration of identifiable contamination downstream from the point

of release of waste can be computed.

This duration of contamination is dependent upon the period of
time over which the waste is released and the average time of water travel
from the point of release to the downstream point under consideration. In
Report No. 1 the average time of water travel was shown to be dependent
upon the magnitude of the flow with which the waste mixes and the elevation
of the reservoir into which it is discharged. A formula has been developed
by which the duration of contamination can be computed. The derivation of
this formula is given in Appendix A accompanying this report. The formula

iss
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x=Tav4-l.5D
in whichs
X = Duration of contamination in days at a point downstream from

Clinch River mile 20.8.

Average time of water travel in days from Clinch River mile
20.8 to the point.

Duration of uniform release of waste in days at Clinch River
mile 20.8.

av

o
(1}

It is apparent from the formula that the determination of the dura-
tion of contamination at any of the downstream points only requires adding
one and a half times the duration of uniform release of waste at Clinch River
mile 20.8 to the average time of water travel to the point., The average time
of water travel is determined for a given set of conditions of flow and
reservoir elevation from data given in Report No. 1l: Plates 2, 3, and 4 for
non-stratified flow conditions or Plate 5 and page 8 for stratified flow

conditions,

Possible Retardation of Contaminant in Clinch River Embayment

It may be desirable to retard the passage through the Clinch River
embayment of the contamination accidentally released at mile 20.8 in order
to lengthen the time available for natural decay.

If the conﬁamination does not get into a stratum of cold Norris
water, this retardation can be accomplished by raising the water level of
Watts Bar Reservoir fast enough to delay the passage of the contaminant to
the downstream point which is to be protected. This filling would result
in storing temporarily in the reach upstream from this point the Clinch
River flow containing the contamination. The amount of filling in Watts
Bar Reservoir will be dependent upon the flows released from upstream reser-
voirs and the reduction in discharge at Watts Bar Dam. It is possible, under
certain conditions, that flows of the necessary magnitude would not be
available without completely upsetting the established reservoir system

operating plan as well as curtailing some power generating facilities.



Should an accidental spillage occur during the stratified flow
period and the waste get into an existing stratum of cold Norris water, it
would be impossible to hold the contamination in the Clinch River embaymént.
At best, it would only be possible to keep the contamination in the lower
portions of Watts Bar Reservoir by shutting down the turbines. This opera-
tion would prevent drawing out the cold Norris stratum containing the con-
tamination which flows along the bottom. Any withdrawal of water from Watts
Bar Reservoir would have to be done by discharging over the spillways. This
spillage would have to be at a rate which would not produce velocities in
Watts Bar Reservoir of sufficient magnitude to pick up any of the contaminated
water stratified on the bottom.

A decision will have to be made [ whether maximum retardation
is desired for Clinch River mile 13.2, L.y, or Tennessee River mile 567.7.
The retarding operation would then be carried out to obtain the maximum
benefit for the point chosen. To accomplish this retardation beyond that
dué to ordinary time of water travel it is desirable that certain measures
be undertaken after the accidental spillages

1. Norris Dam discharge should be reduced immediately to an
absolute minimum, preferably zero. However, consideration
should be given whether this low release is desirable from
the standpoint of the water intake for Oak Ridge and Y-12
water supply.

2, Filling Watts Bar Reservoir should begin as soon as an in-
crease in pollution is detected at White Oak dam. The rate
of filling should be such as to store water in the Clinch
River enbayment upstream from the point to be protected at
one and one=half times.].:/ the rate of the Clinch River flow
at the point.

The rate of local inflow between Norris Dam and the point of
interest can be estimated currently by expanding, on a drainage area ratio,
the difference between the flow of the Clinch River at Scarboro and the flow

1. The first contamination travels at a velocity which is about one
and one-halt times the average velocity.
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below Norris Dam 12 hours earlier. Table 3 on page 10 gives these drainage

area ratios needed to estimate the Clinch River local inflow on this basis.

Plate 17 shows the time required for the first contamination to
move from Clinch River mile 20,8 to 13.2 for a given initial Watts Bar head-
water elevation, the average Clinch River flow in the reach, and a permissi-
ble rise in reservoir level. Similarly, Plate 18 shows the time of travel
to Clinch River mile L.4. Plate 19 shows the time of travel to the mouth of
the Clinch River at Tennessee River mile 567.7, taking account of the effect

of flow in Emory River.

If it is desired to effect the maximum retardation to mile 13.2,
the period of filling of Watts Bar Reservoir must be equal to the time re-
quired for the first contamination to travel to mile 13.2 determined from
Plate 17. To effect the maximum retardation to either mile L.l or the mouth
of the Clinch River, the period of filling must be equal to the time of
travel to mile L.l determined from Plate 18pr Zo mi//e f O From Plate /9.

Between May and Sepiember stratified flow conditions are nommally
induced in the Clinch River embayment of Watts Bar Reservoir. However, if
no cold Norris water is released, there will be no tendency to form a stratum
in which.the contamination would be carried. Therefore, the curves of Plates
17, 18, and 19 of this report will serve for year-round flow conditions when
a retarding operation is being performed, assuming the contamination does

not get into a stratum of cold Norris release.

Table L on page 11 shows the retarding effect accomplished at
Clinch River mile 13.2 when operating to obtain the maximum effect at mile
holy or the mouth. It is apparent fram this tabulation that very little
- retarding effect is accomplished at mile 13.2 if the retarding operation is
performed principally for Clinch River mile L.lL or the mouth.

Effect of Operation on Norris Reservoir

If Norris Reservoir is at.of above the level which provides the
storage space reserved for tlood control at the beginning of a retarding
operation, it may be necessary to infringe upon that space to store the
entire inflow. Furthermore, any limitation on Norxzis discharge would
result in reduction of power generation. All median inflow into Norris



Reservoir could be stored for a month by utilizing as much as 25 percent of

the reserved flood control space in winter and 50 percent in summer.

Effect of Operation at Emory River Mile 12.8

If there is only little or no discharge from Norris Dam, the
retarding operation would prevent contamination from being pushed up the
Emory River as far as the Harriman water plant intake at mile 12.8. This
action would be due primarily to this lack of a cold water stratum which is
necessary during the stratified flow period to transport the contamination
up the Emory River embayment when the Emory River flow is low (less than
about 500 cubic feet per second).

) Furthermore, the method of performing the retardation requires
that the rate of filling of Watts Bar Reservoir be determined by the rate
of the Clinch River flow above the point to be protected. This has the
effect of blocking contaminants from reaching the mouth of the Emory River

for relatively long periods compared to normal time of travel.

Probable Local Inflows

Table 5 on page 12 gives the mean daily local inflows by months
which occurred in the period 1941 to 1951 between Norris Dam and each point
under consideration on the Clinch River as well as the mean daily flows for

the Emory River at its mouth during this same period.

Release of Contamination out of Clinch River Embayment

As the retarding operation by filling progresses, it will become
impossible, in time, to retain all of the contamination in the Clinch River
embayment by reason of filling Watts Bar Reservoir to the maximum permissi-
ble level, filling Norris Reservoir to excessive levels, or an increase in
£low from the uncontrolled Emory River and the local area below Norris Dam.
Whether very small quantities of contamination can be "dribbled" out into
the Tennessee River will depend upon these flow conditions and how long
Watts Bar Reservoir can be maintained above normal levels - a highly un-
desirable condition for flood control. The various factors of weather,

runoff conditions, flood control reservations, and power requirements are




complex and interrelated. An answer based upon any selected group of these
factors would be of little value, because the occurrence of such a combina-
tion is too problematical. However, with favorable weather conditions pre-
vailing, it would be possible to spread the discharge of Clinch River water
containing contamination into the Temmessee River by limiting releases from
Norris Dam and the rate of drawdown of Watts Bar Reservoir.

Time Required for Contaminant to Move Downstream

After release at Clinch River mile 20.8 the time required for the
first contamination to reach Emory River mile 12.8, and Temnessee River
miles 529.9 and L65.3 will depend upon the existing rates of flow in the

Emory, Clinch, and Tennessee Rivers.

As long as the rate of flow from Norris Dam is kept below 3000
cubic feet per second or not maintained at or above this rate for more than
a few days the Clinch River water containing the contamination will not

reach Emory River mile 12.8.

The time required for the contaminan% to move from the mouth of
the Clinch River at Tennessee River mile 567.7 to Tennessee River miles
529.9 and 465.3 can be estimated for various ficw and reservoir conditions
from data given in Report Nc., 1z Plates 3 for Watts Bar Reservoir during
the non-stratified flow period and pages 7 and 8 during the stratified flow
period; Plate li for Chickamanga Reservoir which is applicable to year-round

conditions,

Reduction in Peak Concentration

A retarding operation will produce, in addition to slowing up the
passage of contaminant, reductions in the peak ccncentration due fo the more
complete dispersiocn than would occur with a steady initial pool. The raising
of Watts Bar Reservoir to a higher level will have practically the same ef-
fect as though the reservoir was at a steady level equivalent to the average
of the initial lower level and the final higher level to which the reservoir

is raised. A larger reduction in peak concentration due to dispersion also



results from reducing the flow in the Clinch River, thereby permitting more
time for the dispersion of the contaminant into small embayments than possi-
ble with larger flows which produce faster times of water travel. The re-
duction due to dispersion in the Clinch River during the retarding operation
can be determined for any season of the year by using the curves on Plates
12, 13, and 1L of Report No. 1. The only modification needed in applying
these curves is to use the average of the initial reservoir level and the

final level to which it is raised.

The additional reduction in peak concentration due to dilution is
determined from the total flows available at each pointy, as in Report No. 1.
The total reduction is equal to the products of the concentration remaining

at the point (after dispersion and dilution) subtracted from unity.

Duration of Contamination with Controlled Releases

The duration of contaminaticn at any downstream pecint under condi-
tions of controlled release may be determined by the method used for steady
reservoir conditions, Howefers it must be noted that the time of water
travel determined from Plate 17, 18, or 19 of this report is the time re-
quired for the first contamination to move from Clinch River mile 20.8 to
the downstream Clinch River point. The formula gi&en on page 3 adjusted to

utilize this minimum time of travel is:z

x = 1.5 (ij_n + D)
in whichs

b'd = Duration of contamination in days at the point downstream
from Clinch River mile 20.8.

Time of water travel in days for first contamination to
move from Clinch River mile 20.8 to the point downstream.

3
n

min

D = Duration of uniform release of waste in days at Clinch
River mile 20.8.




Compariscn of Results of

Normal Operation and Retarding Operation

In Table 6 shown on page 13 a summary has been made of the compu~
tations in the illustrative examples given in Report No. 1 and in this
Report No. 2 for the purpose of comparing the effect of the retarding

operation with normal operation.
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Drainage Area from Norris Dam to

10

Tennessee Valley Authority
Division of Water Control Planning
Hydraulic Data Branch

TABLE 3

Drainage Area Ratios

Clinch River Below Norris Dam

Ratio of Area to
Scarboro less Norris

Clinch Mile 20.8 (above White Oak Creek) 1.121
Clinch Mile 13.2 (K-25 Steam Plant Intake) 1.22L
Clinch Mile L.L (excluding Emory River) 1.621

Mouth of Clinch

(excluding Emory River) 1.639

Ratio of Area to

Drainage Area At Emory River 'at Oakdale
Emory Mile 12.8 (Harriman water plant) 1.0L5
Mouth of Emory River 1,132
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Tennessee Valley Authority
Division of Water Control Planning
Hydraulic Data Branch

TABIE L

Retardation in Days to Clinch River Mile 13.2
While Filling for Maximum Effect at Mile L.l or Mouth

(for Clinch River Flow of 1000 Cubic Feet Per Second)

Watts Bar Fiil in Watts Bar Reservoir - Feet

Reservoir

Elevation 0 2 L 6 8 10
735 1.k 1.5 1.6 1.7 1.7 1.8
737 1.8 1.9 2.0 2,1 2.2 -
7139 2.1 2.3 2.5 2.6 - -
7h1 2.5 2.8 3.0 - - -
7L3 2.9 3.2 - - - -

For Clinch River flows other than 1000 cubic feet per second retarda-

tion is inversely proporticnal to flow.
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~ Tennessee Valley Authority
Division of Water Control Planning
Hydraulic Data Branch

TABLE 5

Mean Daily Local Inflows in Cubic Feet Per Second

Clinch River Below Norris Dam

1941-1951
CLINCH RIVER EMORY RIVER
At Mile 20,8 At Mile 13.2 At Mile L.k & 02 At Mouth
Month Mean Mean Mean Mean
Jan. 1290 1410 1870 3600
Feb. 1810 1980 2630 4270
Mar, 1280 1390 1860 3330
Apr. 790 860 1140 2090
May 500 sho 720 1310
Jun. 210 230 300 330
Jul. 330 360 180 520
Aug. 260 290 380 360
Sep. 330 360 1180 340
Oct. 210 230 300 120
Nov. Lso 530 700 10

Dec. 980 1070 1420 2850

a. Flows shown at Clinch River miles L.l and O (Tennessee River mile
567.7) do not include Emory River flows.
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Tennessee Valley Authority
Division of Water Control Planning
Hydraulic Data Branch

TABLE 6

Comparison of Results

of Normal Operation with Retarding Operation

(From Illustrative Examples Using March Mean Discharge Data)

Clinch River Mile
13.2 JI A Mouth
Normal Retarded Normal Retarded Normal Retarded

Time of Travel in
dayst 0.3 3.l 1.0 7.3 1.5 8.3

% Reduction in Peak
Conc.2 0 26 h 88 50 92

Duration of Contamina-
tion in days 2.0 6.6 3.0 12.5 3.8 1.0

1. For first contaminant = 2/3 average time of water travel.
2. Due to dispersion and dilution.



APPENDICES

Accompanying are two appendices. Appendix A gives the original
derivation of the formula for computing duration of contamination. Appendix
B is a sample computation illustrating the use of the plates accompanying

this report.
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APPENDTY A

DERIVATION OF FORMULA

| FOR

COMPUTING DURATION OF CONTAMINATION

The diagram below shows the time-contemination graphs at the
initial Point 1 (Clinch River mile 20.8) and at some Point 2 downstream,
The symbols thereon have the following significances

D = Duration of uniform release of waste

Cego = Centroid of distribution
av - Average time of water travel between Point 1
and Point 2 and is time between centroids
Tmin = Time of water travel for first contamination %o

arrive at Point 2
x = Duration of contamination at Point 2

Time from arrival of first contamination at Point 2
to ceniroid of distribution at Point 2

i

= Ratio of nx to x

ja]
8

Point 1 Point 2
—4 2D Tav

o

)

B

g 2Coge .

E '»C.g.

<

g

3 e— D — «— nx @ —>
‘ o x
<—————— Tan >t

Time
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From the diagram the following equality is apparents

nx

T,+1/2D-T.

orx =1/n (Tav $1/2D - Tmin) (1)

Observations of velocity distribution in a cross-section of a

reservoir show that the maximum velocity V ax is about one and a half times

2/ m
the average velocity Vav—a
vmax = 3/2 Vav

When the velocity is a maximum, ths time of water travel is a

minimum sog

Tm:i.n = 2/ 3 Tav

Substituting in (1)
x =1/n (1/3 Tor * 1/2 D) (2)

A study of the duration of conbamination data cbtained in the
White Oak Lake water movement investigations in 1950 and 1951, in the Holston
River above and below Cherokee Reservoir, and in Fori Loudoun Reservoir
showed that the value of n varied between 1/2.6 to 1/3.5 so adopting a mean
value for n of 1/3, formula (2) reduces tos

3@/37,, +1/2D)
T, * 1.5D (3)

X

1]

or X

2. These field data verify the theoretically obtainable 3/2 ratio of
maximum velocity to average velociiy assuming parabolic variation in a
cross-section of velocity with depth.
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APPENDIX B

ILLUSTRATIVE EXAMPLE

OF

USE OF BASIC GURVES

5
Given: March mean discharge data (taken from Table 1).

Assume release from Norris Dam has been reduced to zero soon enough

so that only the local inflow is in the Clinch River.

Discharges at: Clinch River mile 20,8 1,280 cfs
Clinch River mile 13,2 1,390 cfs
Clinch River mile L.l (without Emory
River) 1,860 cfs
Emory River at mouth 35330 cfs
Watts Bar Headwater (initially) El. 736
Permissible fili in Watts Bar Reservoir 8 feet
Chickamauga Headwater El. 676
Duration of Waste spillage 1 day

Desireds (1) Length of time contamination can be kept above Clinch River
miles 13.2 and L.L, and Tennessee River mile 567.7 to obtain
the maximum retardation to each point with a permissible fill

of 8 feet in Watts Bar Reservoir.

(2) Length of time it would take for first contaminant to reach
Clinch River mile 13,2 if retarding operation was performed
for maximum effect at Clinch River mile Lol

(3) Reduction in peak concentration due to dispersion and
dilution only and the duration of contemination at each
poink,



A, Retardation

From Clinch River mile 20,8 to 13.2

With Norris Dam release reduced to zero the average flow between
Clinch River miles 20.8 and 13.2 is taken as the average of the discharge at
Clinch River mile 20.8 of 1,280 cubic feet per second and the discharge at
mile 13.2 of 1,390 cubic feet per second or 1,340 cubic feet per second,

Enter Plate 17, as shown by dashed line, with the given initial
Watts Bar Headwater Elevation 736, go right horizontally to a Clinch River
Flow of 1,340 cubic feet per second, interpolating between the 1000 and 1500

cfs lines, thence vertically up to the line for Filling Watts Bar Reservoir

8 feet and project horizontally to the left; reading the Time in Days from

Clinch River mile 20,8 for the first contaminant to reach mile 13.2.

Time of water travel for first contaminant to reach
Clinch River mile 13.2 = 3.4 days.

This time represents the retardation attainable if filling operation
is performed for the maximum effect at mile 13.2. The filling of 8 feet in
Watts Bar Reservoir would also have to be done in 3.L days or at a rate of 2,2
feet per ddy. This filling would require sioring about 42,000 day-second=feet
each day.

From Clinch River mile 20,8 to L.l

The average flow between Clinch River mile 20.8 and L. is taken
as the average of the discharge at Clinch River mile 20.8 of 1,280 cubic
feet per second and the discharge at mile l.h of 1,860 cubic feet per second

or 1,570 cubic feet per second.

Enter Plate 18, as shown by dashed line, in the same manner as in

the preceding explanation for Plate 17.

Time of water itravel for first contaminant to reach
Clinch River mile L.k = 7.3 days.

‘v
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This time represents the retardation attainable if filling operation
is performed for the maximum effect at mile L.k. The filling of 8 feet in
Watts Bar Reservoir would also have to be done in these 7.3 days or at a rate
of 1.1 feet per day. This filling would require storing about 21,000 day-
second-feet each day,

If the filling is performed for maximum effect at Clinch River
mile hL.L; the retardation to Clinch River mile 13.2 can be computed from
Table L as follows:

Under the column feor Fill in Watts Bar Reservoir of 8 feet inter-

polate between Watts Bar Reservoir Elevation 735 and 737 to obtain time of
2,0 days for Elevation 736 with a Clinch River Flow of 1000 cubic feet per

seconds For a flow of 1,340 cubic feet per second the retardation is
inversely proportional to flow.

Retardation in days to Clinch River mile 13.2 while
£111ing for maximum effect at mile L.} =
1000 | =1 v
m x 2,0 _os d...ySo
Comparing the 1.5 days with the 3.4 days retardation accomplished
by operating for maximum effect at mile 13.2, 1.9 days would be lost by

operating for maximum effect at mile lL.lL.

According to Table L wiih no £il11 in Watts Bar Reservoir and a
flow of 1,3L0 cubic feet per second the retardation at Clinch River miie 13,2
is 1.2 days. So, practically no additional retardation is achieved at mile
13.2 by filling for maximum effect at mile L.l

From Clinch River mile 20,8 to Mouth of Clinch River

The average flow between Clinch River mile 20.8 and the mouth of
the Clinch River (without the Emory River flow) is taken as 1,570 cubic
feet per second; the same as the average discharge between Clinch River miles
20.8 and L.h computed above since the local drainage area between mile Lol
and the mouth is small,

Enter Plate 19, as shown by dashed line; in the same manner of
the preceding explanations but in addition project horizontally to the left



e —

20

to the intersection with the Emory River Flow of 3,330 cubic feet per second,

interpolated between 3000 and 5000 cfs. Then project vertically downward,
reading the Time in Days from Clinch River mile 20.8.

Time of water travel for first contaminant to reach the
mouth of the Clinch River = 8.3 days,

This time represents the retardaticn attainable if £illing operation
is performed for the maximum effect at the mouth. Note that the filling of 8
feet would have to be done in the 7.3 days determined above from Plate 18 for
mile L.l or at a rate of 1.1 feet per day.

B. Reduction in Peak Concenization

Due to Dispersion and Dilution

The Clinch River discharge at mile 20.8 of 1,280 cubic feet per
second is used as an ordinate in Plates 12, 13, and 14 of Repert No. 1 to
determine the reduction due to dispersion. The Duration 1 Day of waste

spillage and the average Watts Bar Headwater Elevation 740 (average between

the initial elevation 736 and the final elevation TLL) are the parameters
used in these plates,

The reduction in peak concentration due to dilution is determined
from the flows available at each point. The total reduction is equal to
the products of the concentration remaining at the point (after dispersion
and dilution) subtracted from unity.

Reduction
(Fercent)
At Clinch River mile 13.2
By dispersion for 1 day duration from Plate 12 20
I’ 2 - ; 1280\
By_dllutlop = 300 (1 = 13903 8

Total reduction = 100 /T = (1 - 0.20)(1 = 0.08)7 26
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At Clinch River mile L.k

By dispersion from Plate 13
. . - 1280
By dilution = 100 (l had 1860 + 3330)

Total reduction = 100 /I - (1 - 0.51) (1 - 0.75)/

At mouth of Clinch River

By dispersion from Plate 1L

By dilution (assuming no local inflow between
mile L.L and the mouth)

Total reduction = 100 /I = (1 = 0.66)(1 = 0.75)7

C. Duration of Contamination Under Controlled Releases

21

Reduction
Percent

51
75

88

66

75
92

Usi =1,6 ¢ = 1 da
sing x = 1.5 \Tmin # D) where D = 1 day

At Clinch River mile 13.2

T .
min

1]

3.4 days when regulating for miie 13.2

1.5 (3L + 1) = 6.6 days

60

X

At Clinch River mile L.k

T .
min

]

7.3 days when regulating for mile L.h

1]

X 105 (703 * l) = 1205 days

At mouth of Clinch River

T .
min

8.3 days when regulating for mouth

X

loS (803 * 1) = :U-Loo days
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Tennessee Valley Authority
Division of Health and Safety
Environmental Hygiene Branch

EFFECT OF ACCIDENTAL SPILIAGE OF RADICACTIVE WASTES

INTQ

CLINCH RIVER

Report No. 3

METHOD QF STUDY

Abbreviations and Locations

ILocations on Plate 1 are designated by abbreviations including
letters designating river (Cl.-Clinch, Em.-Emory, and Te.~Tennessee) and
numbers designating river mileage, i.e., miles above the mouth of the
river. The specific locations used in this study are:

Cl. 20.8 - Clinch River at the mouth of White Oak Creek
where wastes from Oak Ridge National Laboratory
enter Clinch River.

Cl. 13.2 - Clinch River at K-25 steam plant intake. The
original request for information presumed the
water plant intake to be at Cl. 13.2 but it is
actually at Cl. 1li.Li. The accuracies developed
in these studies permit the use of the same flows
and times of travel for both locations.

Cl. L.4 - Clinch River at the mouth of Emory River, in

effect the water intake for Kingston Steam Plant.



Cl.

Te.

Te.

0.0 and Te. 567.7 - Clinch and Tennessee Rivers at the

confluence.

529.9 ~ Tennessee River at Watts Bar Dam.

165.3 - Tennessee River at intake for City Water Company,

Chattanooga.

12.8 ~ Emory River at Harriman water intake.
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Summary

A hypothetical study has been made to determine conditions
which are calculated to develop downstream from ©ak Ridge National
Iaboratory in the event of the accidental spillage of rgdioactive
substances in the amount of one million (106) curies. it has been
necessary to make certain assumptions which might not exist in the event
of an actual accident, but they were made for illustrative purposes only.
If the occasion arises when it is necessary to apply these methods to an
actual incident, the lake elevations, streamflows, etc., existing at the
time should be used in the calculations. It is not presumed that complete
dependence will be placed on mathematical calculations without some
measure of monitoring the contamination.

Conclusions in regard to acceptability of the quality of water
at various locations under various conditions have been based on values
stated in Table 8 as R®Emergency Maximum Permissible Concentrations Used
in this Study.% If future regulations or biological studies indicate
values which should be used in preference to these, the conclusions of
this study will have to be modified accordingly.

| Efforts have been made to anticipate difficulties which might
be encountered in performing such a study and point out alternate methods
of calculation. An example of this is on pages 12 and 17. There it is
explained that minimum flow conditions would not be expected to persist
for the long periods of time which would be indicated by strict adherence

to the charts and tables. The alternate is to abandon calculations for



minimum flows (ﬁnless actually calculating a retardation) and proceed to
use mean flows. Even in the use of mean flows from the values tabulated
in Report No. 1 with 20-day spill the duration, in many cases, is likely
to extend over into the next month when higher flows might be expected.
Since there is such a great uncertainty concerning future flows, correc-
tion has not been made in the sample calculations for these variations,

The calculations have been made for atomic blast materials
assumed to decay with a factor equal to t-1¢2 and for materials released
from a reactor for which no decay was calculated. For materials of other
characteristics, the appropriate decay rate would have to be applied.
Examples of calculation for minimum, mean, and maximum streamflow rates
during stratified and unstratified conditions of Watts Bar Reservoir are
given. While data are available in the two reports prepared by the
Hydraulic Data Branch for extending the calculations to Chattanocoga
(Te. L465.3), the sample calculations have not been carried that far in
all instances. They were carried at least as far downstream as was
necessary to arrive at calculated concentrations which would meet the
stated MPC values. The calculations cover both normal operation and
managed streamflow conditions,

Some general statements can be made concerning the over-all
results of this study, all based on a spill of 106 curies entering at
Cl. 20.8 and the conditions assumed:

1. A spill of materials which would not undergo decay during
the period of study could not be tolerated anywhere in the

Clinch River embayment under normal operating conditioms.
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2.

This statement also applies to Emory River during periods
when stratification results in Clinch water underflowing
the Emory embayment. Only by diluting the contaminants
with the large volume of water in the Tennessee River
could concentrations be brought with MPC. The exception
to this statement would be release over a 20-day period
into maximum streamflow (see November 20-day spill).
Under certain high flow conditions in the summertime,

it would be possible for excessive concentrations in the

density underflow to reach Watts Bar Dam (Te. 529.9).

Neither dilution (25,000 cfs) nor retardation would

result in acceptable conditions at Kingston Steam Plant
(c1l. L4.L). About the only benefit which could be realized
at K-25 and Kingston Steam Plant (Cl. 13.2 or Cl. L.l)
from water management would be: (a) delay (by?retard;tion)
to permit provision of a substitute supply, or {b) rapid
flush of the contamination past the points (by dilution)

so as to reduce the time of shutdown which might otherwise

be required.

For atomic blast material, normal operating conditions or
dilution operation would not result in acceptable concen-
trations at K-25 (Cl. 13.2). Retardation could produce
acceptable concentrations at Cl. 13.2 provided it could

be placed in effect during the period May to November



3.

. L.

and the contamination did not get into cold Norris

water during stratified season.

Concentrations from atomic blast reaching Kingston

Steam Plant (Cl. li.li) and points farther downstream
would be within MPC values during either normal operating
or regulated flow conditions. For spills of larger
proportions, retardation might be required to provide
additional protection at Cl. L.l where further improve-
ment might be by as much as a factor of 20, depending

on specific conditions.

During stratified reservoir conditions it might be

'possible to provide substitute sources of water for

K~-25 from Poplar Creek and for Kingston Steam Plant
by'a'temporary'intake from the warm surface layer of

the Clinch River, provided the contamination had not
been dispersed into them. The success of this operation
for Kingston Steam Plant would depend on the development
or maintenance of a cold water density underflow carrying
contamination in the lower strata of the Clinch River.
In general, this would require Clinch River flows
between 1000 and 7000 cfs in the reach above the mouth
of the Emory River. The suitability of Poplar Creek
for use at K-25 would have to be determined in view

of the possibility of blast material reaching Poplar

Creek as well as White Oak Creek.
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Basic Data

In the event of an accidental spillage which is expected to

have adverse effects downstream, it is necessary to assemble certain

basic information before any calculatioﬁ of these effects can be under-

taken. 4 list of these items and where to obtain the information is

given in the following questions and answers:

1. Q.
Ao
2. Q.
A.
3. Q.
A

Iocation of spill.
ORNL Division of Operations or Health Physics.
Call shift supervisor, telephone ORNL 6606

(from Chattanooga to Oak Ridge, ID-220).

Quantity of spill, age, and decay rate

Same as above.

Period of holdup or time it is expected to reach

Clinch River,

Health Physics, Area Monitoring Group, operates

White Oak Dam, H. H. Abee,

(1) Arrange to close gates at dam and impound
creek flow.

(2) Determine inflow at gage above White Oak Iake
by observing gage height and applying it to
rating table supplied by USGS., Table 7. (This
table is corrected to 1-4~57 and more recent one
may be available from the U. S. Geological Survey,
Surface Waters Division Office, Knoxville,

telephone 2-7918.)



Q-
A,

Q.
A.

(3) Determine holdup time possible by calculation
using inflow determined in (2) and the elevation-
volume curve (dashed line) on Plate 20. This
is the same curve as that used by the Hydraulic
Data Branch in the White Oak Lake Sediment
Investigations. This chart was distributed as
an addendum to Report ORNL 562 "Studies of
White Oak Creek Drainage System. I - Drainage
Area of the Creek and Capacity of White Oak

Iake."

Duration and concentration of spill from White Ozak Creek.
To be calculated by Area Monitoring Group. (Using flow

at Cl. 20.8 from item 7 below.)

Condition of stratification of Watts Bar Lake.

(a) October - April generally not stratified.

(b) May - September Watts Bar Reservoir stratified,
Clinch River embayment stratified, provided
Norris release is more than 1000 cfs and not
more than 7000 cfs. (Below Emory River 10,000 cfs

required to break up stratification.)

Elevation of Watts Bar Lake.
Call TVA River Forecaster, telephone 2-7181, ext. 681,
Knoxville, Tennessee. If unable to reach that office,

determine from Daily River Bulletin issued by USTVA-USWB.
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Received by R. J. Morton and H. H. Abee. Three-day

predictions on reverse side are usually sufficiently

accurate.

T« Q. Flow in Clinch River at:

(1)
(A1)

(2)
(a2)

(3)
(A3)

Cl. 20.8
Determine flow at Scarboro gage on Clinch River
by: Telephone H. H. Abee at 6948. Use 2L~hour
average noon to noon. Determine discharge from
Norris (previous 2L hours from midnight to mid-
night) from Daily River Bulletin and subtract from
Scarboro flow to determine local inflow below
Norris. Multiply this figure for side drainage
by 135 which is the ratio of the drainage area
aboiZQWhite Oak Creek (CE. 20.8) to that above
Scarboro gage {Cl. 38.9). To determine flow at
Cl. 20.8 algebraically add this amount to the
Norris discharge previously subtracted,
Cl. 13.2
Calculate the same as at 20.8 except drainage
area factor is EZé.

388
Cl. L.k
Determine the flow in Emory River at Oakdale from
Daily River Bulletin and increase it by the ratio
of drainage areas %g% to approximate flow at mouth

of Emory River. Calculate Clinch River flow at



(above) mouth of Emory (Cl. L.L) by calculating as

for Cl. 20.8 except the drainage area factor is éQ.

88
Use the total of these two quantities as flow beiow
mouth of Emory.
(L) ci. 0.0
(Ali) Same flow as at Cl. L.i. Additional drainage area

inconsequential.

8. Q. Watts Bar Reservoir inflow.
A. See Question 6. From TVA River Forecaster or from

Daily River Bulletin.

9. Q. Flow in Tennessee River at Watts Bar Dam.

A. Same as 8.

10. Q. Chickamauga Iake level and flow in Tennessee River at
Chattanooga.

&. Same as 8.




United States
Department of the Interior
Geological Survey
Water Resources Division

TABLE 7

Rating Table For White Oak Creek

Below ORNL Near Ozk Ridge, Tennessee

Gage 1y Differ- Gage o Differ- Gage n. Differ-
Height Discharge ence Height Discharge ence Height Discharge ence
feet cfs cfs feet cfs cfs feet cfs cfs
0.00 . 1.60 21 . 3.20 63
2 5
0.10 1.70 23 3.30 68
2 5
0.20 1.80 25 3.40 73
2 6
0.30 1.90 27 3.50 79 ¢
2
0.40 2.00 29 3.60 85
2 8
0.50 2.10 31 3.70 93
2.5 ' 12
0.60 1.6 2.20 33.5 3.80 105
1.8 2.5 16
0.70 3.0 2.30 36 3.90 121
1.8 2.5 18
0.80 5.2 2.0 38.5 L.00 139
1.9 2.5 20
0.90 . Tel 2.50 L1 k.10 159
1.9 2.5 22
1.00 9.0 2.60 43.5 L.20 181
2 2.5 2l
1.10 11 2.70 L6 4.30 205
2 3 26
1.20 13 2.80 L9 L.ho 231
2 3 28
1.30 15 2.90 52 L.50 259
2 3 30
1.40 17 3.00 55 k.60 289
2 L 32
1.50 19 3.10 59 _ L.70 321
2 L 34
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United States
Department of the Interior
Geological Survey
Water Resources Division

TABLE 7 (Continued)

Rating Table for White Ozk Creek

Below ORNL Near Oak Ridge, Tennessee

Gage _ Differ- Gage __ Differ- Gage _ Differ-
HeightDlSCh%fge ence HeightDlSCharge ence Height Discharge ence
feet cfs cfs feet cfs cfs feet cfs cfs
4.80 355 5.20 511 5.60

36 Lk
L.90 391 '5.30 555 5.70

38 L6
5.00 L29 5.10 601 5.80

Lo L8
5.10 1469 ) 5.50  6L9

2

Tentative 1-l~57
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Method of Calculation

A calculation sheet may be set up similar to the attached
form, Table 9.

In Appendix C, the detailed instructions are given for making
the calculations in Table 9. In order to give specific examples in these
instructions the calculations in Appendix C are a part of the calculations
necessary for Appendix A and Appendix B. In Appendix A, the calculations
are given for a hypothetical spill of 106 curies during November when
Watts Bar pool would be non-stratified and with a stated pool elevation
of 736. The calculations are presented for the various combinations
of conditions including duration of spill; 6 hours, 1 day, or 20 days,
into Clinch River during minimum flow, mean flow, or maximum flow for
November. In Appendix B, the corresponding calculations are given for
reservoir stratification conditions during June when the pool level is
740. Such a spill, 106 curies, was selected arbitrarily as a value
which can easily be scaled up or down. When considering that all the
debris and fission products from an atomic blast would not be soluble
and all of the soluble material might not find its way to the Clinch
River at one time, it is conceivable that a spill of this size could
occur. For uniformity and ease of calculation, a hypothetical spill
of the same magnitude is used for reactor release without intending to
imply that such a quantity of soluble radioactive isotopes would result
from an accident involving any of the reactors or storage facilities at
ORNL at the present time. In each case, the assumption was made that

all the radioactive material remains in solution and that the conditions
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of streamflow which existed at the time of the spill would continue
throughout the period covered by the calculation; that is, until the
contaminated water reached and passed the downstream point being
investigated. Obviously, these assumptions are fallacious under
c.ondi'bions assumed in several of the calculations. For example, since
railni‘all and streamflow in the region will rarely continue unchanged
for over one week, it would be unreasonable to assume that November
minimum flow of L53 cfs at Clinch River mile 20.8 and 10,300 cfs at
Tennessee River mile 529.9- would persist for the 85.4 days required in
the calculation for the contaminated water to reach and pass Watts Bar
Dam. By the end of 85 days (sometime in January or February) the
minimum flows would have been augmented by winter runoff, and the time
of passage would have been reduced according}ly. The January minimum
flows for these same points are 1,620 cfs and 15,800 cfs, respectively,
and the mean flows are probably three to five times higher still.
However, dependence would not necessarily be placed on calculations for
such an extended period. Adequate time would be available for estab-
lishment of a sampling or monitoring program.

It is believed that the calculation for stratified conditions
is much less dependable than that for non-stratified conditions. In
fact, the variables are so capricious during stratification that
assistance should be requested from the hydraulic engineers (Hydraulic
Data Branch, Division of Water Control Plamning) should the spill occur

during this season (May - September).
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Maximum Permissible Concentrations

Authorities on radiological protection agree that ®all unneces-
sary exposure to radioisotopes should be avoided. However, it is often
impracticable, if not impossible, to prevent some radioisotopes from
entering the body. Therefore, it is desirable to establish levels of
maximum permissible exposure to serve as guides to safe operation and
upper levels of exposure."*

The maximum permissible concentration most commonly specified
is 10~7 microcuries per milliliter for unknown mixtures of beta and gamma
emitting radioisotopes in water beyond the areas that are under control
of the installation responsible for the contamination. Handbook 52 of
the National Bureau of Standards® also lists recommended values of maximum
permissible concentrations of certain specific isotopes in drinking water,
calculated so that no part of the body will encounter an exposure of more
than 0.3 rem per week.

In the event of a disaster or emergency such as a reactor
accident, a nuclear explosion, accidental spillage, etc., somewhat higher
concentrations could be tolerated for short periods without excessive
hazard. The Federal Civil Defense Administration published the following
emergency acceptable concentrations in Technical Bulletin TB-11-9,

December 19522

3#Maxinum Permissible Amounts of Radioisotopes in the Human Body
and Maximum Permissible Concentrations in Air and Water," National
Bureau of Standards Handbook 52, March 20, 1953.




Beta-Gamma
Estimated Consumption Period Concentration

10 days immediately after atomic attack 9x10~2 pe/ce
30 days immediately after atomic attack 3x10-2 pe/ce

These are the same limits as set by "AEC Contract Policy and
Operations ! January 1951, for personnel who may be called upon in
emergency to cope with radiological disasters in war or peace. They are
plotted as curves 7 and 8 on Plate 21. For longer periods of consumption
or for older fission products, some emergency level was desired.

In "Recommendations for Civil Defense Relative to Radiological
Safety,% (UCLA-113), Dr. W. F. Bale suggested MPC values calculated on a
total fhazard® exposure of 50 roentgens for periods of use of from 10 days
to a year during the first 50 days after a blast or during the interwval
from 50 days to 2 years after the blast. These periods of consumption
and intervals after blast would be useful in considering accidental
spillage (or enemy action) but the total exposure is rather high to
apply to general population, even if only for study of hypothetical
cases, .

K. Z. Morgan and C. P. Straub® specified 10~2 pc/cc as MPC
for use in extreme emergency and only during the first week following
atomic explosion. This appears as curve 3 on Plate 21. They also

derived a formula, MPC = Kt~1+2 where K = 103 for water. Using this

#MExternal and Internal Exposure to Ionizing Radiation and Maximum
Permissible Concentration (MPC) of Radioactive Contamination in Air and
Water Following an Atomic Explosion,% AECU=2332, Supt. of Documents,
(Physical Review 87:178, 1952),
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formula, curve I on Plate 21 is several orders of magnitude lower than
all other curves shown.

C. P. Straub® has calculated MPC values for water which, if
consumed at the period and for specified number of days after an atomic
blast, would administer a dose of 25 rads. These are plotted as curves 1
and 2 for 1 day and 30 days' intake, respectively, on Plate 21.

In private conversations (February 21, 1957), K. Z. Morgan
suggested that for concentrated exposure in emergency the exposure limit
recommended for ORNL employees might be applied to downstream civilian
populations. This limit would be ten times the normal occupational
exposure limit (0.3 rem/wk.) and in one week would total 3.0 rem (provided
there were no further exposures for the next twelve weeks). On this
basis, F. L, Parker has calculated water MPC values following an atomic
blast which are shown for 7-day and 30-day intake in curves'S and 6,
respectively, Plate 21. These calculations do not take into account the
isotopes of less than one percent predominance as do Straub's values
and therefore may be less valid. Parker has made the corresponding
calculations to cover §pillage of fission products resu}ting from a
reactor release affer one year's operation, specific power of 20 mw/ton
(2% enrichment). These MPC's for one week and for 30-day intake are

given in curves 9 and 10, Plate 21.

#%Emergency Maximum Permissible Concentration Values for Water,®
C. P. Straub, Paper 193, Nuclear Engineering and Science Congress,
Cleveland, Ohio, December 12-16, 1955.



16

There is considerable variation between these values, so, for
the purpose of this report the values appearing in the following table
have been selected as MPC values which will meet all the above emergency

recommendations except the Morgan-Straub formuwla, MPC = Kt=L1e2;

TABLE 8

Emergency

Maximum Permissible Concentration Used in ‘this Study

(}19/ cc Beta-Gamma)

Days After Wastes from Wastes From
Atomic Blast Atomic Blast Reactor Release
or Reactor Less Than 8-30-day Less Than 8-30-day
Release 7~day Use Use 7-day Use Use
1 ox10~3  3x1073 6x10-3  1x10-3
10 9x10~3 3x10-3 9x10-3 2x10-3
30 9x10-3 3x10-3 9x10~3 2x10-3 -
50 9x10-3 3x10-3 9x10-3 2x10-3

100 9x10-3 3x10-3 9x10-3 2x10~3

B TR T CayeT

EAS
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Discussion of Normal Operating Conditions

Spill of Reactor Release Material

The MPC values used in the calculations (Appendixes A and B)
of downstream conditions resulting from wastes originating from reactor
release have been calculated taking into account decay of the isotopes
originally present. However, the average concentrations which are
calculated for the downstream points under various conditions of flow
(and consequently of time) have not been reduced for the effect of decay.
The decay function approximates +-0.3 in which t is the time since
release of the fission products from the reactor. This factor is of
small consequence when compared to the influence exerted by decay of
radiocactive materials after an atomic blast, where the factor is £-1.2,

The hydraulic engineers have made the general statement that,
on the average, weather and consequently streamflow conditions can be
expected to change at about seven-day intervals. It would therefore
be unreasonable to presume that minimum streamflow would persist fof
the three and four weeks, and longer, periods which result from applying
these methods of calculation to some of the downstream points under
study. Therefore, the calculations involving minimum flows are not
extended beyond Cl. 13.2 for the hypothetical proportion of 106 curies
which would be permissible. Even for this station the calculated time
of first arrival during June minimum flow exceeds one week and the
duration exceeds two weeks. For June (stratified) flows it would be

more reasonable to use mean streamflow.
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Under any of the conditions of streamflow, stratification, or
duration of release investigated, the concentration of radioactive
materials from a reactor release in the amount of 100 curies would be
excessive at Cl. 13.2.

Generally speaking, excessive concentrations would exist under
most of the conditions investigated until the contamination reached the
Tennessee River where additional dilution was available. Even there and
at Te. 529.9 excessive concentrations would result from a 6 or 2Lh-hour

spill into June maximum flow when considering only the stratified

" underflow and not the entire cross-section. Since this stratification

would be broken up by passing through Watts Bar Dam and Chickamauga
Reservoir, the concentrations reaching Te. L65.3 under meximum flow

conditions would be within MPC.

Spili of Atomic Blast Material

Strictly speaking, one would expect the wastes from an atomic
blast to be released immediately. However, rainfall might flush off
ground accurmlations over a somewhat extended period. It might even be
possible to impound a large portion of the surface runoff in White Oak
Iake and release it gradually. Therefore, calculations have been made
for spills of 6-hour, 2h-hour, and 20-day duration.

If released uniformly during 20 days, the concentrations at
the downstream locations would be permissible under any of the conditions
of stratification or streamflow investigated.

If released during 6 or 24 hours, the concentrations at Cl. 13.2

would be excessive for June but not for November minimum flows. Either
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June or November mean flow would carry the contamination released during
6 or 2l hours down to Cl. 13.2 so quickly that the concentrations would
be excessive. This statement would also apply, for the most part, for
maximum flow, although under certain conditions the dilution might be
adequate to result in acceptable concentrations.

At the points investigated farther downstream (Cl. L.L and
beyond), concentrations resulting from 6 or 2L-hour spill of 106 curies
from an atomic blast would be tolerable even when considering the
stratified underflow. (This statement is made as a generalization even
though the calculations show only 9l percent would be permissible at
Cl. L.li when spilled into November mean or maximum flow. It should be
pointed out that in the hydraulic calculations the flows and consequently
dilubions may be accurate to within plus or minus 10 percent, and actual
field measurements of time of water travel indicate the theoretical times
of travel may need to be increased 15 percent. Consequently, it is not
unreasonable to say that a value appearing as 9L percent in the calculation

would be acceptable.)

Comparison of Stratified and Non-Stratified Conditions

In general, streamflow during the winter (non-stratified) season
is greater than during the summer season. While the higher flow (higher
minimum, mean, and maximum) than the summer flow results in carrying the
contamination dovmstream in a shorter period of time, the greater

dilution would result in lower concentration of contaminants.
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During the stratified season, the minimum flow in the Clinch
River is too little to result in upstream flow in the Emory River. The
maximum flow, as tabulated by months, is enough to occupy the entire
cross-section of the Clinch River and in the Emory River is enough to
prevent the upstream flow of Clinch River water. Mean flow in the Clinch
River during stratified conditions is very close to the lowest flow which,
if maintained for a week, could produce a flow of Clinch water upstream
on the bottom of the Emory River. If such a flow did result in contami-
nation reaching the Harriman intake, Em. 12.8, the concentration would
be about three times MPC for reactor release material for the calculated
duration (June mean flow). If the contamination was from an atomic
blast, the elapsed time would be sufficient for decay to bring the

concentration well within the MPC.
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Dilution

The only source of dilution water for this reach is Norris Dam
and the channel storage in the river between Norris and Cl. 13.2. It
would not be necessary for the actuzl water released at Norris to arrive
at this location in order to provide dilution. Sustained release from
Norris will create a wave, or rather a surge, in the river channel and
the water stored in the channel will, in effect, be pushed ahead and
become available for dilution purposes sometime before the actual water
released at Norris reaches the downstream point. Within the range of
releases which could be made at Norris without excessive flood damage,
the minimum time of wave travel is 1l hours (see Plate 2). Actual
water travel would require over 50 percent longer time but, if the
Norris release is sustained, the surge would persist until time for the
water arrival. If the spill occurred at a time when the time of travel
from Cl. 20.8 to 13.2 is less than 1l hours and it could not be delayed
in White Oak Iake, it would be impossible to provide any further
protection at that point by dilution. Referring to Plate 2, Report No. 1,
it can be seen that for Watts Bar pool elevation 736 (low, winter) this
critical flow is about L500 cfs and for pool elevation TLO (normal,
surmertime) on Plate 5 about 6000 cfs.

A flow of 25,000 cfs is considered to be bank-full stage on
the Clinch River and, while certain farm lands may be flooded at lower .
flows, this quantity was used in these dilution calculations. If it

were possible to so regulate flows as to provide 25,000 cfs flow to
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receive a 6-hour spill at Cl. 20.8, the concentration at Cl. 13.2 would
exceed MPC for reactor release by a factor of 6 or for atomic blast by
a factor of L. In other words, considerable improvement over normai
operating conditions could be accompiished by diluting the reactor
released material,but, because of reduced time of travel, the dilution
to this extent of atomic blast material would result in less tolerable
concentrations at Cl. 13.2. At Cl. L.h the improvement by dilution of
reactor release material over mean flow (either June or November) would
be by a factor of almost 2 but, because of reduced time of travel and
duration, would not be substantial improvement over conditions of a
spill into maximum Clinch River flow. ILikewise, high dilution flows
would Sweep the contamination from an atomic blast down to Cl. L.k in
such a short time that concentrations would actually be higher (less

' acceptable) than under normal operating conditions. For points in the
Tennessee River and farther downstream, the November situation in general
would be that the dilution operation would result in concentrations
somewhat less tolerable than would result from normal operating flow,
either mean or maximum. When considering the entire cross-section of
the river and Watts Bar Reservoir, this same statement would apply to
summertime concentrations as well as non-stratified flow. However, the
high flow for dilution would not permit stratification to develop and
the downstream concentrations resulting from dilution being spread
throughout the cross-section would be somewhat more acceptable than the

concentrations which would otherwise exist in the more dense thermal
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stratification underflow. When considering atomic blast material for
which radioactive decay is a significant factor, the high flow for
dilution would under all circumstances produce worse conditions down-
stream than would the normal operating flows investigated.

Should the spill from reactor release at Cl. 20.8 last for
2Ly hours during November, 25,000 cfs dilution would be able to improve
by a factor of 2 to L the concentrations at the downstream points in
the Clinch River but would not accomplish much reduction in concentra-
tion in the Tennessee. Because of shorter duration at Watts Bar Dam
under dilution than under mean flow conditions, and consequent lower
MPC, the contamination might be somewhat more tolerable. (This would,
however, be largely dependent on the relative values accepted for MPC.)
As in the spill of shorter duration, normal operating flow would be
somewhat more favorable than dilution when considering atomic blast
materials for which decay is important. During June stratificétion,
the situation would be comparable except dilution might accomplish
slightly greater improvement when considering the stratified underflow.

It must be realized that release of stored water from Norris
in these quantities for the purpose of dilution is dependent upon the
availability of the water. Over prolonged periods this size release
could exhaust the storage and produce serious effects upon the ability
of the system to meet power requirements. For example, if Norris were
near the low water level that may be experienced in November, there

would not be enough water in storage, even if it could all be withdrawn,
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to provide a continuous flow of 25,000 cfs for seven days. For this

reason the'calculation has not been made for potential relief by dilution

during the 20-day hypothetical spill.
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Retardation

Another possibility for the management of wastes after release
into the Clinch River would be to retard the passage of the wastes out
of the Clinch River embayment by special reservoir operations., This
would involve the raising of Watts Bar lake level and the concurrent
reduction of inflow through the Clinch River by discontinuing releases
at Norris Dam. Retardation could be accomplished in this manner provided
the contamination spilled at Cl. 20.8 did not get into a stratum of cold
Norris water during stratification season. In this latter case, there
would be no way of preventing the cold, naturally dense, water from
flowing down along the bottom of the Clinch River to the Tennessee River
and on to Watts Bar Dam. The discussion that follows will be on the
assumption that the spill is retained in White Oak Creek (or elsewhere)
until the last of the cold water from Norris has passed the point of
release,

During both the montﬁs investigated (June and November) it
would theoretically be possible to retard the passage of contamination
so that the concentration at Cl. 13.2 would be within the MPC for atomic
blast wastes. This is, of course, assuming local inflow not exceeding
the mean daily local inflow as listed in Table 5 (Report No. 2). While
flows less than these amounts might be encountered during any month of
the year, greater flows might also be encountered. From the results of
the calculations and reference to Table 5, it would appear that there

would be very little chance of accomplishing retardation to provide
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acceptable concentrations at Cl. 13.2 unless the retardation could be
completed duriﬁg the period May 1 - November 30 while the mean daily
local inflow is less than about 500 cfs.

If the spill consisted of wastes which would not be reduced
by radioactive decay, the benefit from a retardation operation would be
correspondingly less. The time of arrival at Cl. 13.2 would be delayed
by a factor of 2 to 3. The duration of contamination at this point
would be increased by a factor of 2 to 3 and the concentration would be
reduced proportionately, though not enough to make more than i percent
of 106 curies permissible. The time gained by delaying the arrival of
contamination would be beneficial toward obtaining a substitute water
supply or making emergency arrangements.

Once the retardation operation had been completed for the
expressed purpose of providing maximum protection at Cl. 13.2, no
further delay could be accomplished. Contaminated water would have
already begun to arrive at Cl. L.h and it would be necessary to begin
releasing water at Watts Bar Dam which would result in an acceleratien
of the flow in the Clinch River. However, the concentrations (of either

reactor release or atomic blast materials) would be less at Cl. L.L and

downstream points than the concentrations at Cl. 13.2, the point for

which maximum protection was sought. No definite statement can be made
concerning duration at the downstream points since it would depend on
the quantity of water released at Watts Bar and at Norris and on the

rate of f£all of the lake level.
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If retardation were undertaken for the maximum benefit at
Cl. L.h, the time of first arrival would be increased in June from 2 days
(for mean flow) to 38 days (for mean local inflow only). The duration
of contamination would be increased in about the same proportion and the
average concentration would be cut only by 50 percent for reactor release
but by 98 percent for blast material. In November, the time gain by
retardation would be almost 37 days, the concentration would be reduced
by a factor of 10 for reactor material, the duration ﬁould be increased
by a factor of almost 15, and the concentration for blast material would
be reduced 83 percent.

While operating for maximum benefit at Cl. L.l the retardation
would require about 13 days for contamination to reach Cl. 13.2 in June
or Ly days in November compared with 2 and 1 days for the mean normal

operating flows, respectively.
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Emory River Mile 12.8

Since the Harriman water intake at Emory River Mile 12.8 will
be exposed to contaminated flows in the Clinch River only under certain
conditions, it is well to review the effect, if any, on this supply of

flow regulation to protect other selected points.

Dilution

Clinch River water does not flow up the Emory River during
non-stratified conditions. Clinch River flows in excess of 7000 cfs
destroy stratification above the mouth of the Emory River. With
releases from Norris to provide dilution during the stratification
season the entire cross-section of the Clinch River occupied by the
25,000 cfs would be colder than the small flow in the Emory, and even
though stratification was destroyed Clinch River water would flow up
the Emory when the flow in it was less than 500 cfs. Sufficient data
are not available to predict the time of flow to Em. 12.8 under these

conditions.

Retardation

Non~-Stratified--Without stratification Clinch River water does

not flow up the Emory River.
Stratified--If Norris releases are cut off or the Clinch River
flow is held below 3000 cfs for the purpose of retardation, the contami-

nation will not reach Em. 12.8 even during stratification season.
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Recommendations

With the continuation and expansion of reactor experiments at
Oak Ridge and the continuing accumulation of waste materials in storage
(in tanks, pits, or ground storage), it is not unreasonable to conclude
that an accident can happen which would jeopardize the water supplies
downstream from the installation. In the event of such an accident or
enemy action or sabotage, the machinery was established several years
ago for ®off-site" emergency monitoring. Such monitoring would trace
the dispersion and concentration of radiocactive contamination as it
spread but could not predict concentrations downstream.

Techniques have been set up in the present study for predicting
downstream concentrations. Possibilities of water management to alleviate
hazardous downstream conditions have been outlined and discussed. These
manipulations of reservoir levels and releases cannot be put into
operation in a short period of time unless prior agreements have been
made and the channels established for analyzing the needs and initiating
the regulation. |

It is therefore suggested that an interagency group which would
be empowered to act quickly should be established. This group should
be small, possibly not more than one representative (with alternates)
each from Oak Ridge National Laboratory, Atomic Energy Commission,
Tennessee Valley Authority, and Tennessee Department of Public Health

(or United States Public Health Service or Tennessee River Basin Water



g, -

30

Pollution Control Commission). The representatives should, however, be
authorized to call on any of the employees or units of their agencies
for assistance and to reach decisions and make commitments for their
respective agencies. The creation of such a group would complete the
organization for action in event of disaster. It would have the
authority for implementing procedures which might be necessary for
protecting the population from the hazards of radiocactive contaminants

in water supply.

B e LT T 7 s A S S o b e ™o s wir-Satuatinle neinamns it - Aadiing



31

Acknowledgments

This study was performed by O. W. Kochtitzky, Staff Public
Health Engineer, Environmental Hygiene Branch, Division of Health and
Safety, utilizing data, charts, and procedures provided by the Hydraulic
Data Branch, Division of Water Control Planning. Some of the plates
are reproductions of charts developed by that branch for other puri)oses,
The rating of the White Oak Creek gage was developed by the Knoxville
Office, Surface Waters Division, Water Resources Branch, U, S. Geological
Survey.

Advice and assistance in regard to Maximum Permissible Concen-
trations were obtained from Drs. K. Z. Morgan and Frank L. Parker, and
general advice concerning the line of investigation was furnished by
Mr., R. J. Morton, Oak Ridge National Iaboratory. Acknowledgment is

made to the following for advice and technical review:

ORNL

Dr. Frank L. Parker
USPES

Mr. Gordon Roebeck
TVA

Mr. Alfred J. Cooper

Dr. F. E. Gartrell

Mr. C. M. Davidson
Mr. A. H. Johnson



32

o
< Gt
.u [+
-
5e
%
=<l&
0621t 00Sh 0zg  €4e 16
¢-0TX6 ¢.0TX6 ¢-OTX6 ¢_OTX6 ¢-OTXE
0001 08§ e L9 " 9°g2
g-0TX9 (¢ 0TX9 ¢-0TX9 ¢-OTX9 ¢-0TX9
g00°0 020°0  TI°0 LE£°0 96°0
1€1°0 1I8T°0 ™o TIN'0 90
Sh*s  StUT 12 1°2 6°1
90°0 €0T°0 @3*0 6°0  1°2
61700 T°0 g°0 0t  8°9
0 8°0 £°9 €2 €5
9°66  2°66  L°€6 L n
S6 26 9€ 9¢ 6t
n°26  2°06  2°06 9°89  L°NE
N 6z €11 €11 oot
12 Lt §0 §s0 R0
ALY g% €l*o €L 9°0

000°L9T 000°82T 000¢g2T 005 ‘0N 0SH 6T
€ogon 4625 L'l9s 00 f°h
ol

MOTJ UMUfXeR; XoCquaAON

L°52
¢-01x6
1°1t
¢-0Tx9

S*€
h9*0
st

s
6°21

00T

0

0

0
9°0
st'o

22°0

6721

00L¢2T 00L¢3T

2°€T

8°02
‘10

052t 19T

1000°0 QT0°0 120°0 91°0
TT0°0 TI6°0 £10°C  £0°0

€1 £ g€ 118

28T  €°2T  6°0T  g°¢

950°0 T1°0 29°T €8°T 22°S
1L 9€ 9€  6°1¢  g°mT

n fe 2 12 9%6
6 [ [3 6 [
00€°0T 00£‘OT  00L ©0OL  OfS
uotjepasloy A
522 0006  €LT S°2L  €°fL  S°gE
of*0 010°0 25°0 2l0 T2'T mE°e
(/0] 10'0  SH*0  SM*0  95°0 2l°0
4987g 9TWO3Y ~ UOTINTIQ
GlE  L*99 §°lE Ll €91 0of  2g*25 L*lE Ll°lz  §°8T
91°0 06%°0 09°T 91°2 l2°¢ G1°0  ST°T  65°T 91°2 S2°¢
l*S 20°T 20T Sl g g*L 2°T 20°T  SL* g*
£°s n9° 9° e 11° AR

00M°0S 00N°0S 00052 00052 00052 000952 COE‘SE 00€

q@. d@. N.m- T
G 000962 00052 000°Se

esvoTaY J03088Y - UCTINTYA

000°€S 000€9T  OLTT 592 n6

g*1e

¢-OTX6 ¢_0TX6 ¢-0TX6 ¢-0TX6 ¢-0TX6 ¢-0TX6

€62 18t 2T  9°ge  0°ST

89

¢-0TX2 ¢.0TX2 €-0TX9 ¢-01X9 ¢-01X9 ¢-0TX9

Y

€-OTx
8°€

€-0Tx9

suot3TPUon Jupgeasdp TewaoN

LT00°0 $00°0 LI0°0 WE*O 96°0
620°0 9£0°0 91°0 9T*0 1%2*0
£°T2  §°St L' Ly (449
€890°0 €T1°0 gh*0 12 o°%
01°0  61°0 2*2 g6 SN°eL
92'0 S0 19 9°9%2 0s
fqLe66 Si66  6°€6 M€l 0S

86 L6 59 59 81
0*lg G*28 S°2g O SN
9°lT L2t fPE e etR
STt 2°8 0% o0°c 21
LT g 0 0t gt
000°NE 0OMN“Se OON‘S2  0€8S  Of9
gogon %625 L°lgs  0°0 MR

*o}

UOTJ U8 JOGUAACN

€N
sho
61
26
i€
S8

st

St
0

0°'1
10
9°0
oen
FAI Y

Nt

€00

€L

1°StT

998

. w2
9L

9l

0

it LS
€11 S°¢
€S

€51
€1

TS Mg MR
We L9t LSt

18 82 g2 IAS

9ss  NSS
00

6°9¢

OEN 00E°OT 00E°0T
802 6625 L°l9s
‘10 9]

MOTJ UMUTUTH JX9QUIAON

(POTITIBA3S-UON)
9EL UOTIBASTH T004 JBg S398H

sermd 0T JO TTTds Inoy-9

00052

18°09¢€
802

oTqTssTuted soTANd 398Tq (0T JO ¢
99/00,_0T *(AedapeTout)*duodraay
27~ 403087 feosq

A
XX *up + T =3
9TQBMOTTR 88TaND JC30B93 0T JO %
09/on 5 0T .Ahaoou.aoxmv.omoo *9AY
sfep ‘(q + cummy) §°1 ‘ucijeang
gfep feutmy ‘{BATIIE 38JTJ
6 *qF ‘uorjepleged BuTInp 98TJI O3B
ogf 830 ‘amoTJuUT TB00T ATYep ueey

oHnannasuwameﬂnso moa mou
oo\o:m:0ﬁ ¢(KLeospeTout)*olioo *eay
(9s°1TQq oTmMOR) J0308F Avosq

oTqiseTmred s8Tand 0T JO %
oo\osmloH ¢(Lwoep*oxa) duoorany
sfep ‘uotguwang

sfep ‘TeATIXB JO BWTY

830 ‘sTqETTRAR UOTINTIQ

oTqrssTwaed soTaMO 0T JO ¢

09/on ‘qsB1q OTWOYR OdN
a1qissymxad gotando woa Jo ¢
99/on ‘sseatax x03desX OdN

Aoo\osmnoﬂv.Ahmoon.docﬂv.ocoo.o><
Aw.ﬁnpv uoTqBRAND-ETW 03 J0308F Ledeq

sfep W X ‘UL + T e g
(93/on _0T )  (Aeoap*10X0 ) *vUOD* BAY
Aoowo=m|0Hv seed Butpuodsadio)

¢ ‘yeed 3urpucdsegao)

#(Aeospsoxe) 18303 “yead uoigonpay
¢ ‘uotsxedstp 4Aq yeed uoyjonpay

9 fuoTqnTIp £q deed uoTqonpey

9fep ‘(x) ‘weaajsumop uoijeang
ghep ¢(eutw]) TeATII® 38314

sAep ¢(°Am]) T2ABI] JO BWT]
Aoo\o=N|OHv Uo0FFeIFUIOU0D TBTITUL
830 ‘MOTJUROI3S

STTR

J9ATYH

€SN
*10

¢
*9¢
3%

o:m
433
*e€
°T¢
‘0t
*62

‘g2
°l2
92

T4
oQN
*€e
22
12

*02
*61
g1
pA

B
2

Ty

TR L




33

Appendix A

Sheet 2 of 3

000°5t
¢-0TX6

092t
¢-01x9

900°0
[48d¢}

0°9
G0
stceo
Tt

9°86
4
n°26
2°S
e

L€

005.
¢-0TX6
oLl
¢-01%9

210°0
91°0
A}
8lc°0
€0°0
g2

2 L6
el
1°06
o1
L1

s°e

000°¢19T 000¢92T 000921

€°59M

6°625

0002 N9 £ne
€~0TX6 ¢-0TX6 ¢-0TX6
ot €€T 09
€-01%X9 ¢-0TX9 ¢-0TX9
Sho*0  fT*0  LE*0
2€°0 20 le*o
92 92 2°2
T°0 S50 0°1
€0 @60 1°2
9*6 9*0¢ €£°99
7°06 69 L°mE
0*2  o0°2 0
T°06 9°99 L°fE
(ALA 2*2 T2
5*0 50 20
€L*0o  €L0 9°0
005407 05M*6T
L L9S 0°0 fief
‘ol

MOTJ UMUTXER JOQUAON

0Tt
£-0T%6

£-0TX9

2g*0
€10

0°e

et
S1°0

22°0

00L¢2T 00Lfet

(A4 4+

000€
10°0
80°0

191
210
8°9
€°5
oon‘os

000°¢9
€-0TXE
19T
¢-0T%x2

$00°0
Mo*o
1°91
et*o
L1710
61

T°96
68
52
gect
]
get

000°¢tTE oon’se
€°99M 6°628

3¢

8*02
*10

069 09€ 592 981 0021t 008 09¢ 592 991
€1°0 G20 fi€*'0  gn*o g00°0  QT*0 42*0 ME*O  no
€€°0  £€*0  6€'0 IO 90°0 €€°0  ££°0 6£'0 Iho

988Tg dTUO}Y - UOTINTY]

85t 8l 69 és 1St 61 ]A 69 65
ge*0  LlL*'0  18°0 T10°T €1°0  55°0  LL*'0  l13*0 T10°T
e e L3ttt L*g Mtz Ut 13T 191

n9°* n9* e e 2L N n9* i e

00M“0S 00052 V0VS2 000€52 000452 OVE‘SE VUEESE 000°S2 00092 000°S2

8SBATOY 103088y -~ UOTINTIQ

008T  0I7  L9T 09 28

€-0TX6 ¢-0TX6 ¢-0TX6 ¢-0TX6 ¢-01x6

19T e 2eee Lt SN

€-0TX9 ¢-0TX9 ¢-0TX9 ¢-0TX9 ¢-0TX9
SUOT3TPUO) Butqeaadg yewroy

S0°0 22°0 MS*0  S°1 01°T

N0 NI*0 02°0 S€°0 £80°0

2*S 2's g€ f*e 6*L
9€°0  9°1 AT A €€t

21T AL ) 2*6 N5
0°€T  2°9S 98 00T 09
0*l8 g°th oO°ft 0 on

92 92 ot 0 of
528 e s*n 0 0

30 T 2 N A S g°25 962 §°6e  S*BT  8°9

02 02 &'T 10 € L°9T  L°9T €11 S°¢

0'€  0'€ T 9% s 15 82 82 JAS 1341

CAAd
o00N‘sz  0€8S  ON9N  OEMM  OENT 0OEfOT 00f ‘0T 985 nas £5h
Lelos 0°0 f°f  2°€T 802 6°6235 L°l9S 0°0 fietp  2°€1
*8], ‘10 *9]

MOTJ US| J2qUIAON

(PaT3T98135-UON)
9€L uoTqeASTY TOO4 IBY 8338

8OTIN) 0T Jo TTITdS Inoy-f2

MOTJ UMmTUTR Jd8quOAON

000°s2

22*06
€51
8°02
‘10

atqysstmasd sayano
25/on 2-01 (Avdepe1out)
109

arqissyuaed sanInd
20/9n Z.0T ‘(4woapeyoxs)
8fep

mOH Jog
*duod*aay
o8y Ledeq

0T Jo ¢
*Suoo*aay

‘uotgeang

8fep ‘reAayar® Jo ewyl
8J0 ‘aqQeTTeAR UOTINTTA

atqresuuied saTano g0t Jo ¢
oo/on ‘q881q 9TOI® QN
oTqresTwtad STIND 90T Jo ¢
99/on ‘eseoTax 10308 OdN

(99/9n 3.0T) ¢(£e08p TOUT)*oUCI*IAY
(ze1-3) UoTyRaNp-pTH 0} J030eY Ledeq

2 -
sep ‘X + cutmy + T = %

(99/om NtOHVQAhaowu.Hoxmv.o:oo.o><
(929/3n Nuodv sead Buypuodsaaxog

¢ “yeed Jutpuodsaslo)

¥ (AeospeTox9) 18307 *jesad uoTjonpsy
¢ ‘uotsaedstp £q ywed uocygonpoy
¢ ‘uoranTtp £q yesd uotjonpey

sfep ¢(x) ‘weaxjsumop

uotjeang

sfep €(-umumy) TEATIIB 38aTJ

sfep ¢(*Ael) TeABIY jO BWY]
(99/913.0T7) UOT4BIJUSOUOD TBTFTUT
830 ‘MOTJWeaI3S

STTR
JOATH

‘gz
12
92

.mN
2
€2
‘e
‘Te

*02
€T
‘et
‘LT

9T



ndix A
of 3

A
Sheet

000°051
0Tx¢

O£t
£-01XT

-~
e

2000°0
120%0

€02
100°0
TI0°0
L
626
L
126
Le€g
e

L€

£ som

000 00T 000900T 000¢12 000°ST
g-OTXE  ¢-0TXE ¢-0TXE ¢-0TX¢
000T 000  00f  SMU
g-0TXT ¢-OTXT ¢-0TXT ¢-0TXT
€000°0 €000°0 TT00*0 200°0
620°0 €£€0°*0 €€0°0 ME0°*O
6°9T  6°9T  6°9T 1M°9t
10°0  T0'0 €€0°0 690°0
910°0 910°0 S0°0 SOU°0
6°6 6°6 TIE £°99
1°06 [*06 989 L*WE
0 0 0 0
1°06 T°06 9°89 L°NE
G*2€  €L°0E €L°0E  9°0f
LT 050 §°0 2%
§*2  €Ll0 El*0 9*0
000°¢ 19T 000492T 00082T 0050 0S¢ 6T
6625 L°lgs 0°0 e
*31

UOTJ WAWEXE)N JOqUOAON

005°¢L
¢~0TXE

£-0TxT

000
figo*o
€91
901°0
910
00T

2z 0g
ST°0

22°0

oolfet
A4

000°¢E
£-01X¢

892
€-0TXT

1000°0
LT0°C
LAY
8€0°0
£90°0
2°m

9°59
61

9T°0
oolst  oohsz
g°02
*10

000412
£-0TXE

002
¢=-0TxT

1000
g20°0
§°6T
$0°0
g0°0
gLt

]
0
523
0°¢e
02
0°¢
oon‘se

1195
OOH

0005
¢-0TX¢
a1
£-0TxT

900°0
820°0
g°61
12°0
S€°0
9L
12

0

12
0°¢E
0°2
0°¢

0€£8s
0°0

00£¢
£-0Tx¢
9¢
€-0TXT

000€
¢-0TXE
1%
¢-0TxT

SUOTyTPUO) 3uyqeasd( TBMION

NOTJ UBDN I0QUIAON

600°0  0T0°0
T€0°0  TME0°0
8L L'
g2'0  0€°0
o 910
§°56 00T
s*N 0
0 0
50 G
8°1E  9°0f
2t 10
81 90

910

ongn  OETM  OEMM

7 2°tT  8°02

‘10

(P9TFTARIG-UON)

0
gese
s°€
1341

€51
e €l

18 8s (] Al
LE A} SR A ) S A 4 6

18 82 g2 i

935 N8S
00 m°f

0CE 0T 00£0T
6625 L°L95
.Q.H.

AUOTJ UMUTUTY XOqUIAON

9€L UOTFRARTT TOOJ Jog §398M

89Tan) 0T Jo TTITdS £2@-02

o1qresTEIed £OTIMD LOT JO ¢

od/on ‘q8vTq OTHOE OdH
eTqissTwxed gotano woa Jo ¢
o0/on ‘egvoTed Xo3dedd 4R

(09/on ».0T) “(A800p*TOUT)*OUOD*BAY
(2°1-%) :oﬁawusnnvﬂm 09 xoj0eJ Keodoq
sAep ‘X + cupmy + 1 F 9
(99/on5-07) ¢ (£Le00p*TOX3)*oU0I*BAY
(ov/on NIOAV ¢yead 2uypuodssaxon

¢ “jead Suppuodsedxon

7,¢(AuoepeToxe) Teq03 ‘juad uotgonpsy
¢ ‘uoysxedstp £q jeed uoigonpay
¢ ‘uoraniyp £q ywed uotqonpsy

gfep ‘(X) ‘weexjsumop uoyjeang
gfep ¢(°utw)) TEATLIE 9SXTJ

sfep ¢(*A¥l) ToAva3 Jo euyj

T8°7  (99/on 5.0T) UOTHeIqUIOUCD TETFTUL
€51 830 ‘moryweexys
g°02 9T
°T0 JOATY

02
*5T
°9T
*Lt




*UOT4IPUOR BTUY JoF peaedesd ses 4T S0UTS 2 STqRL 95T ‘SSEW STQEUSTRIUTISTP B B KOTJ 30U 500D I89EM YOUTTO oYY ydnoyg uoag 0

n o™ *39£e7 90BJINE PIJBUTMEUOIUN pUE MOTJJEpUR Y30q SUTpnToUL VOT3098-86019 8ajjus eyy o} A{dde sesayjuessd uy seandty °q
m ‘3 *U0T3EITFTFRI48 oonpoxd 03 ySnous qou ST MOTJ TTTUTE eunp *®
e~

Ble 0052 009 9TQTSSTRIed S9TaNO 38eTq GOT 3O ¥  °Q€
= H 2T0°0  S0*0 09/0n,_0T (AvoopeTour)eduooraay /¢
5 900°0 €10°0 31-3 gT00us Aedeq 9¢
J0ATH  5'Q9  OE sfep * T4+ cumml =3 eg¢

Kxoug
dn 3%6 9°¢ o1qresTied setand Ioqomet MOH Jog ¢
MoTd €02 SS°S 09/015.0T ¢(AeospeToxe) Suooraay  <¢f
PN 69 o€ 8Aep ‘(g t cumml) ST ‘ucyyeang -gg
TITR 3¢ T2 afep ‘eutwl ‘BATIIR 98374 °TE
S S 4 5 g *93 ‘uotjepiejsl BUTINp OSTX 94el °*Qf
00f 0 00€  0€2  0T2 830 MOTFUT TEOOT ATI®p UBSN °62

uotTqepIv}sy
0€€e 052 052 ST o€ 055°TT 02€T 961 0582t 0ft 1€ €l aTqyssTwasd sagano OT 30§ 02
(coL“1T) (006) (2€2) (ET)
¢-0TX6 ¢.0TX6  ¢n.0T%6 ¢-0TXé ¢-0TX6 g-0TX6  ¢-0TXE (-UTX6 ¢-UTX6 -0TX6 ¢-0TX6 ¢-0Tx¢ o0/on f4se1q OTWOGE OdE  *61T
e g€ese (2419 LR 6°6 50t o€t  1*LT ~ T°SE  0°ft 9°9 91 oTqyssTred sSTaND oOT Jo g  *9T
(ef)  (2ar) (Le02) (L*sE) (€°m1)
¢-0TX2 ¢-.0T*X9 ¢-0TX9 ¢-0TX9 ¢.0TX9 ¢-0TX2  ¢-0TX9 ¢-0TX9 ¢-0T1X2 ¢-0TX9 ¢-0TX9 ¢-0TX2 oo/on ‘eseeralx Jc3080d OdN  ° L1
8U0TITPUO) SuTqedady TewIoN
l26*0  fiE*0  fi€°0 gl*0 0°€ §100G°0  8%0°0 G%*0 [00*0 69°0  6°2 B ] (99/90,_01) ¢ (o8P TOUT) *0U0D*BAY 9T
{LL00%0) (1°0) (g€°0) (19+0}

§60°0 0g°0 le*0  61°0 TH0°0 £1°0  €T°0 €10°0 9T°0 Z£°0 2€0°0 (z41-9) :o“owusvnvwm 03 203083 Avosg S
71t '€ 0t g°1 Reft 9*S 95 Ll°lg A 9*2 S°lT shep ¢ 3+ cummy + T3 eqy
gh*o [AdS L1 3°c 1°9 61°0 25°0 5°€  L5°0 €N 1°6 JXFAT (99/00;.0T)(£B23p*TOX3)*ou00*8AY €T

("M0) (6%°0) (6°2) (95°0) (2*m)

2 s°s 8°0T Mt 92°0 6°CT  2°91T L6t 9€ °99 (99/on5.01) “yeed Jurpuodsexzon 2T
et 8" 12 61 6L e e 82 e 29 8 ¢ ‘feed Butpuodsexxon YT
9°58  2°sl 2§l 15 T S5°66  1°96 9L el 99 9c 26 % ‘(4BospeToxe) Tegoy “ywad uorgonpey 0T

28 69 69 18 12 *ol6 oL 9L el 99 ge 26 ¢ ‘uotsxedsyp £q >eed ucygonpey 4

02 02 02 0 Y 58 S8 0 0 0 0 (v % ‘uoTInTIp £q syeed uoyjonpey g

(LL)y (L) «q(ST) (7°2) (n°e)

16  9°2 942 61 6°0 L1t 2N 2 MSE NE 91 408 1M*SS eSS 1°9€ UM sfep *(X) wwerjsusop uofqeang -/,

8°*s ST S°1 0°T €£°0 s*L 52 ¢ 0O°'MR 0°¢c g9°0 1S 9'9€  9°9¢ 2 £°6 8lep ‘( utmy) TBATLIR 3SJT4 *9

L°g fAK [AA auoy ST G*0 €11 8¢ g°t 0°Se 0°¢ (A4 108 ss 55  euoy 9¢ Tt 8fep ¢(°Avy)‘ToARI} JO oWl °*§

22 89 oL Aoo\oawnOHv UOTIBIJUSOUOD TETRTUI  °ff
00T‘2€ votTeE 0326 00€5 02fML 02NL 02Nl 006°RT 006°BT  02€E 96€ 0682 0282 0282 0029 0029 292 T e nee n2e 830 ‘aoTJueaalg *f
6°625 L*l9S 0°0 g*et e 2°€T 802 6628 L'l9S 0°0 g2t e 2°€t 302 6°625  L°l9s 0°0 g°2t N 2°€T  g°02 oTIN *2
*3] *10 swy *10 9] 10 *ug 19 '8} 19 cug oHU k0>.«.~.— T
NOT,] umurTXeR ounp KOTJ UBSN eunp og MOTJ UMWTUTR aunp
(PoTITIBI9S)

OfL UOTIBASTY TOOJ JBg 6998H

88TIN) OOH Jo Trvdg J00H-Q



36

ndix B

A
Sheet 2 of 3

00T 05N osh
(00s ML) (0SST)
¢-0T%X6 ¢-0TX6 ¢-0T%6
91 0S 0s
(L91) (TLT)
¢-0Tx2 m:oaxw nlOﬁxo

220°0 ©02°0  02°0
(2900°0)(850°0)

2s0*0  l1*0  l1°0

61U NN 71

€90 AR 2°1
(21°0) (nE°0)

1°2 1°€ 1°€

6€ 95 95

19 m m

19 o€ ot

0z 02 0z
(L) (L)

2*01 Lt L€

§*s St st

AL 22 tAKA

00T‘2€ 0012 0826

€625 L°Ll9s 0°0

*3] 10

18T

¢-01X6
(3419

€-0T¥9

%0
22°0
S°€
8°1T
g1
88
44
48

0
0°€
o't
51

ozhL
n

suoy
00£8

g*et
cug

AOTg UnmyXe)y eunp

L9 059°¢€T

£-0T%6 £-01%6

112 atT

¢-CT%9 g-0Tx2

et 990G°0

l£°0 6£0°0

€2 €1t

8°2 l1*o

s°S 20

001 St

0 §*86

0 06

0 S8

0°2 g°21

£€*0 sl

5°0 £ TT
s°S

ol 0L 006°gt

2°€T 802 6°628
10

0002

¢-0T*6

£-0Tx9

S1M0°0
o
¢*9
"0
£°1

%
on
S8

m.

g2

g€
00681

L1195
9]

00€ 009°€T
(09€)(001°5T)

002
(o12)

L9

€-0T%6 ¢-01X6 ¢-0TX6 ¢-OT¥X6

2°2e
(0°92)

9 8°g1
AnJVAa.mﬁv

L s

¢-0TX9 ¢-0TX2 ¢.0TX9 ¢-CT¥*9

suoTytpuo) Suyqeasdg TeuwIoN

0£*0 l00*0 S0
(52°0)(900°0) (£%1°0)
11°0 €10°0  TL*0
2°9  2'ge 2°'S
L'z S50 2'€
(€°2) (9%°0) (1°€)
l*g 9% Lot
09 99 e
on ne 92
o ne 92
0 0 0
(st) (ST} (nee)
€5 S§°9 &'
s2 12 02
8°€ sz 0°¢
02€€  96€ 0683
0°0 §°2T WM
‘10wl

NOTJ UeSH eunp

et
52°0
o€
°s
6 €1
96
n
n
0
L2 S*95
8*0 G°9¢
AR ss
s
0292 0282 0028 0028
2*€T g0z 6°628 L°L9S
‘10 *9],
(POTITIRIIS)

OffL uoT3EAETT Y004 I8¢ S338M

89TI) 0T JO 1T1dg Jnop-12

*uoTIEDTJTIRGS eonpoxd o0f ySnoue jou 8T MOTF UMWIUTW aunp

5'95 sele

9°9¢ e
g9 euoN 9¢
292 oI
0*0 g2t N
*10 cuyg

+gHOTJ UNTTUTR ounp

18

~OTXE
¢ L1

€-01%2

lE*o
1€0°0
1°91T
§°11
9*5Y
(14

St
SL
0

b

a1qiseTuaed satTand 0T Jo 4 *02

14t
09/

(09/on,-01) (

Am.Hnuv uoT3e
8
Aoo\o=~|oav

Aou\osw

99/on ¢q891q OTWO3B OdN
gsTued 8aTINd ooa Jo 4

on feseeTed 103989 Odn

Keoop *TOUT) *0UOD *oAY

anp-pTu 09 I0308F Aeoo(]
Aep ¢ m + cummy + T =3
(fevep *T0X9)*oU0d °*BAY
.0T) eed Buppuodseaxod

¢ “yeed Suypuodsexiol

§ ¢(Aeospeoxe) 1309 éjeed uotqonpay
¢ ‘uotsxedsyp £Aq eed uoyjonpey

§*291

8°02
*10

9 ‘uoy

9fep ¢
2fep

akep
A00\05N10A

quyTP £q deed uotqonpey

() weeaqsumop ucyieang
€(eutul) YEATIIT 98I7J

€(°am]) ToABI} JO U]
) UOT3BIUSOUOD TEBIITUL
830 ‘MOTJWBAILS

8TTH

JOATY

*61
01

°LT

oOH
. m.ﬂ

‘M
€T

*2t
‘Tt

‘01
*6
‘9

‘L

*0

*S
*n
€
2
1




o~ (24
[2a) m I
Xl°
g
>
3
k]
°UoY380TITIRI48 90npoxd 03 ySnoue jou ST MOLY UMWIUTU Sunp  ¢®
005%L€ 00522 005°22 N0S“ST 00€ ‘1T 000°€S  005L 005L 0009 o6l sTqyssmIed 99TIn0 oOT JO ¥ '02
(0054921)(00069) (0006)
€-0T%6 ¢-0T%6 ¢-0TX6 ¢-0TX6 ¢-0TX6 £-0TX6 ¢-0TX6 £-0TX6 ¢-DTX6 ¢-0TX¢ 90/0n ‘q8eTQ OTWOYR OdW  °*6T
5T €T €T 9 95 €1€ X sh  g'12 61 aTqrssTmrad satano OOH Jo ¢ °*8t
(009) (005) (99) ()
¢-0TXg ¢-0TXe ¢-0TX2 ¢-0IxXT ¢-0TXT ¢-0TXg ¢-0Tx2 ¢-01%2 ¢.0TXT ¢-0Txe 00/on fesweTox I0j0®ex OdN  *LT
guoyjipuog uyryexadp Temroy
200°0 MU0 NOD°O 8500°0 €900°0 6000°0 LT10D*0 ¢2I0*0 2200°0 2T0*n 510°0 T90°0 (o9/on wlo.C.Ahuoov *TOUT) *2U0D *BAY °*QT
(1000°0)(2T00°0) (10°0)

20°0  €0°0 €00 2£0°0  S€0°0 BTO*0  L20°C  L20°*V 98000 320°C ¢2£0°0 G10°0 Awo.nnav :o.nunhsv..gm 09 J0308y Ledsq °ST

292 9°8T  9°8t LT 99T 262 M0Z {02 525 S°6T YLt gee€ sfep ¢y 4 cutur + T =9 T

2t°0 T qceo 81°0  9T*0 250°0  M90°0  €*0  92°0  MM*0 9f*C o (99/9n 5.0T)‘(A803p *TOX3) *oUCI*BAY (T

(€€0°0) (70°0) (9£°0) (92°0) (€£17°0)
el*o 1°6 {ov/om 501) ‘yesd Sutpuodsarso) 21
00t 001 ¢ ‘yeed Suypuodseaiop 11
0 0 ¢ ‘(Leospeyoxe) TB309 ‘dead uoyjaMpsy 0T
0 0 g ‘uotsxedstp £q yeed uorjompey <6
0c 0e 02 0 0 53 a8 0 0 0 0 0 ¢ ‘uoTinTTp £q eed uotjonpsy g
(L) (LL) 3 (s1) (1*2)  (1°e)

AL SEAL1Y FAR49 3°1€  S°0E €T 9° e PUEe 56 0°€E 2'TE Lt 58 58 99 i 88cp (%) WBAXJBUMOD UOTFRING o)
8°s 51 31 0°T €££°0 s°L st 5%2 e o'z g°0 95 9°9€  9°9¢ T €6 sdep ‘(cutny) TRATILE 9ITI °9
Llg 2z 2°¢ euoN 5T 50 £ 3¢ g€ sz 0t 21 18 ss 95 ouoy 9 i 3Kep ‘(°Ael) To9ARI} JO BWTL °§

g2°0 2Le0 276 Aoo\usm..o.C UOT4BIFUIOUOD TeTITUL °*f
0ITf2€ 001 °2€ 0826 00ES 02N 021l O2NL 006°8T 006°QL  02€E 96€ 0682 0232 0292 0029 0029 292 T Lhe f2e nee 830 ‘uorJueeays ¢
6°625 L°Ll9S 2°0 g2t NN 2°€T 302  6°625  L'l9S 0°0 g°et *f 2°€T  3*02 6°625 L°l9s 0°0 g*etl *7  2*€ET  3°0C 8Tm ‘2
*9] *10 cog ‘10 *3l *10 cuyg °T0 95 *TO ‘=g *10 J3ATY  °T
MOTJ UMWTXBR Sunp uoTg uesyy eunp +giOTJ GMUITUTH eunp
(PeTJTI8I33)

OfL uoT9eARTY ToOd Jug 834y

Serang g0T Jo TTTd3 feq-02



1.
2,

3.

38

Qgenﬁx C

Bxplanation of Calculations in Appendixes A and B

6-Hour Spill of 10 Curies

Self-explanatory.
Self-explanatqry.
For actual spill conditions, use actual flows obtained as explained

under %Basic Data.®
For the purpose of illustration, streamflows from Table 1, Report

No. 1, are used in the calculations of Appendixes & and B.

(November minimum flows)

Cl. 20.8 and 13.2 153 cfs
Clinch (below Emory) 556 cfs
Cl. 0.0 (same as above) 556 cfs
Em. 0.0 = (2 cfs @ Em. 12.8) 865 2 cfs
(Drainage area factor = 865) "

Cl. L.l above Emory 798 55L cfs
Average Cl. 20.8 to L.lh 50k efs
Te. 567.7 = Te. 529.9 10,300 cfs

(November maximum flows)
Since maximum flows do not necessarily occur simultaneously in the

Clinch and the Emory Rivers, the above method should be modified to

determihe maximum in Clinch above Emory:

o o SIS e o E e
YT O O T E I e TR I DAL TN
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Assume runoff below Cl. 20.8 comparable to that on Emory watershed

at Em, 12,8 = 27,800 cfs = 3);,8 cfs per square mile.
798
Then 3h.8 (35L41-33L47) + 12,700 = 19,450 cfs @ Cl. L.bL

Ave., 20.8 to k.l = 12,700 # 19,1450 = 16,075
T2

(June maximm flows)
This method is not applicable during June.
Reasoning: Maximum flow in Clinch River during summertime will
most pfobably be due to releases from Norris. Side drainage will
be small in proportion to high releases from Norris. Therefore,
consider maximum flow in Clinch River to be the same at Cl. /20.8 R

Cl. 13.2, and Cl. L.l above Emory.

. Initial concentration
1 efs = 28,320 cc/sec. = 101,952,000 cc/hr.
453 cfs for 6 hrs. = 153 x 6 x 101,952,000 = 277,105,536,000 cc

106 curies in 6 hrs. = 109 G x 106 £e/C = 360.87 x 10-2 pe/cc
277,105,536,000

5. Plates 2 and 3, Report No. 1, curves for elevation 736 (non-stratified).
Plate 5 (stratified).
For Cl. 20.8 to L.l use average flow in the reach.
For Tennessee River see page 8, Report No. 1. The chart on Plate 22
has been prepared for use when Clinch River flow is below 6000 cfs.
For Te. 529.9 to Te. L65.3 use Plate L.

For Emory River use Plate 23.



Te

8.

9.

10.

Lo

Tmin. = 2 Tav., page 16, Report No. 2. (For Emory River also use
3

Plate 23, Report No. 3.)
X = Tav. + (1.5 x duration of release), page 16, Report No. 2.

e.g., 46LO - Ul30 = ).5¢ @ C1. L.b.
160 -
Note: For stratified flow there would be no appreciable reduction
by dilution in the density underflow. However, when considering the
entire cross-section, it would be calculated at Cl. 0.0 222%55&33129= 15%.
0
The figures in parentheses are for reduction in the entire cross-section.

Assume the same concentration in the Emory River as in the Clinch

underflow.

Using Cl. flow @ mile 20.8, read values from plates 12-16, inclusive,
Report No. 1. See Table 2, Report No. 1 for stratified flows.

For example: Cl. 20.8 to Cl. L.L = L8Z.
100 /1 - (1.00 - 0.24)(1.00 - 0.65)7 = 73.L%.

1003 - 73.L4% = 26.6%.

Tnitial concentration x corresponding peak

gy 3649 x 10-2 po/ce x 26.6% = 9.8 x 10-2 pe/ce.

Tnitial concentration x (100 - % reduction by dilution)x duration of release

Duration downstream

eog., 36:9 % 10-2 x élgo% - 4.5%) x 0.25 = };,0 x 10"2.)1c/cc

T ool fo' s n tacs Br™ AT A D W S G T ML 2alaaiin L NNkl S




k.

15..

16,

17.

18,

19.

20.

21.

L1

Note: Assume one day decay before release and calculate decay for
time elapsed to midpoint of duration downstream.
e.g+, t (assumed decay time) = 1 + Tmin. + _jéf, where X = duration

downstream (line 7) = 1 + 1,2 = 2.2 = 3,3 days.
2

Decay factor to mid-duration = t~12

3.3712 = 0,2}

Average concentration (including decay)

line 13 x line 15 = }.0 x 102 x 0,24 = 0,96 x 10-2 pc/cc

Using time of first arrival and duration at a downstream point,
enter Table 8, Report No. 3, and determine appropriate value of
MPC for the period of use and interval after spill.

e.g., Reactor release for 2.2 days use beginning 1.2 days after
spill. MPC = 6 x710-3 pc/cc.

Line 17 # line 13

€ogo, 6 x 10™3 )10/cc + 1.0 x 1072 )10/cc = 15%.
Determined same way as line 17 except for atomic blast.

Iine 19 # line 16

egey 9 X 1073 pc/cc # 0,96 x 10-2 pc/cc = 9L%.

Assume 25,000 cfs is maximum flow in Clinch River without flooding
shore installations and that Norris release plus local inflow totals

25,000 cfs at Cl. 20.8.



22,

23.

2).1--

25.

26.

27.

28,

29.

h2

Plate 2, time of wave or water from Norris to Cl. 20.8. -Data for
plotting curves obtained from #Translatory Waves in Natural Channels,®
J. H. Wilkinson, Trans. ASCE, 1945, Vol. 110, p. 1203. Determine
time of flow to downstream points by use of Plates 2, 3, L, 5, 22,

and 23 as in line 5.

Duration = Tmin. + 1.5 x fﬁrﬁﬁaﬁoi‘ release
evge, X = line 22-# 1.5 x (6 hrs.) = .37 + 1.5 x (.25)

0.75 days @ Cl. L.hi.

il

Similar to line 13.

Tnitial conc. x duration of release X 1007 - % reduction by dilution)

duration downstream

36.9 x 10-2 x 0.25 x (100% ~ 22,000 - 11i30)
25,000 = 9.2 x 10~2 x(100%-80%)
0.75 0.75

2.4 x 1072 pc/ce

Note: This reduction by dilution is based on 25,000 cfs Norris

.y
release.

MPC ¢ line 2l = 6 x 10-3 » 2.4 x 10~2 = 25%.
t-1e2 = (1L + % 0.37 + 0;75)-1-2 = 1.62-1+2 = 0,56
Iine 26 x line 2l = 0.56 x 2.h) x 1072 = 1,35 x 10~2 )lc/cc

MPC & line 27 = 9 x 10-3 ¢ 1.35 x 1072 = 67%.

Refer to appropriate month and location in Table 5, Report No. 2.

e ——— R Tt X T I 20t e 4 Tt rln g o e 5 v i



30.

31.

32.

33.

th

35.

36.

L3

TLS - existing lake level. For this study 745 - 736 = 9 ft. non-

stratified and 74S ~ 740 = 5 ft. stratified.

From line 30 mean daily local inflow November

Cl. 20.8 = L80

Cl. L.L = 700

Ave. = 590 cfs. Enter Plate 18 (for Cl. L.l and other plates
accordingly) with this flow and determine Tmin. = 21 days. Note:
For Te. 529.9 add to the time of retardation in the Clinch embayment
the time of travel from Te. 567.7 to Te. 529.9 as determined from
Plate 3 for non-stratified flow or from Plate 22 during stratified
flow. For conditions not shown on Plate 22, refer to pages 7 and 8,

Report No. 1.
Duration = 1.5 (Tmin. + D) = 1,5 (21 + 0.25) = 31.9 days

Figured as in line 13.
360.87 x 1072 x (100% - 199766£§2) x 0.25

= 1.83 x 10~2 ne/ce
31.9 . s /

MPC from Table 8, Report No. 3, ¢ line 33

2 x 10~3 + 1.83 x 10-2 = 10.9%.

t = Tmin, + X + 1
z

line 31 + 1 1ine 32 « 1
2
21 + 16 + 1 = 38 days

1]

t~1.2 = 38-1.2 = 0,013



37. Iine 36 x line 33 = 0.013 x 1.83 x 10~2

38. MPC & line 37 = 3 x 103 ¢ 0.02L x 10-2

0.02 x 10"'2,}10/cc

1250%.



L5

Tennessee Valley Authority
Division of Health and Safety
Environmental Hygiene Branch

TABIE 9

Calculation Sheet

Expected duration of spill into Clinch: From Until
Quantity of spill Total (hrs)(days)

Elevation Watts Bar Reservoir
(Stratified) (Non-Stratified)

12,

17.

_ River .Cl. Cl. Cl. Pm, Cl. Te. Te. Te.
Mile 20.8 13.2 L.k 12.8 0.0 567.7 529.9 L65.3
Streamflow, cfs

Initial concentration (102 pc/cc)
Time of travel (Tav.), days

First arrival (Tmin.), days
Duration downstream (X), days
Reduction of peak by dilution, %
Reduction of peak by dispersion, %
Reduction peak, total (excl.decay),%
Corresponding peak, %
Corresponding peak (10-2pc/cc)
Ave, conc. (excl.decay) (110"2 pc/cc)
t = 14 Tmin. x %, days

Decay factor to mid-duration(t-1l.2)
Ave. conc. incl. decay (10~2 pe/ec)
MPC reactor release (}m/ ce)

% of spill permissible

MPC atomic blast (Fc/cc)

% of spill permissible
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PLATE 20

AREA IN ACRES
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HYDRAULIC DATA BRANCH
WHITE OAK LAKE
ROANE COUNTY, TENNESSEE
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PLATE 21

10’
:\ 7 ) ]
\\ 8 :
1| €430
- "\-'\‘\
. \ 3 T 5
1072 A 5
ad \
\-
% - T
= n =
< 11
® o 10 o1
2 w ™ B, —f
— m .t/
32 ]
EE 107 |s =
wul - -
SN —
O @ " \\ -
£ 3 - ]
© = NS
Wi S .
Q n \
2} o N
Sz 10t I~ .
S8 - + -
8 ~ :
= | ~ ¢ _
= S i
Z L
P | ~— -
10°? ~ -
- ™~ -
- ™ |
N N~
10°¢
] 2 3 4 5 6 182910 15 20 30 40 50 60 70 8090100
TIME IN DAYS AFTER ATOMIC BLAST (OR REMOVAL FROM REACTOR)
LEGEND
INCIDENT AUTHORITY PERICO OF USE
I. ATOMIC BLAST ——— STRAUB I DAY TENNESSEE VALLEY AUTHORITY
5 . . —o— STRAUB 30 DAYS DIVISION OF HEALTH AND SAFETY
3 . . —A— MORGAN 7 DAYS ENVIRONMENTAL HYGIENE BRANCH
4 " “ — —— MORGAN MPC=K& 2
5 . 3 —o— PARKER 7 DAYS MAXIMUM PERMISSIBLE CONCENTRATION
6. “ " —D— PARKER 30 DAYS OF
7 " “ —€I10 FCDA FIRST 10 DAYS
8. " " —€30 FCDA FIRST 30 DAYS RADIOACTIVE WASTES
9.REACTOR RELEASE—®— PARKER 7 DAYS IN
0. o« .  —x— PARKER 30 DAYS DRINKING WATER
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PLATE 22
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WATTS BAR DISCHARGE - 1000 CUBIC FEET PER SECOND

FOR USE WHEN CLINCH RIVER FLOW
IS LESS THAN 6,000 CFS.

TENNESSEE VALLEY AUTHORITY
DIVISION OF HEALTH AND SAFETY
ENVIRONMENTAL HYGIENE BRANCH

TENNESSEE RIVER

TIME OF WATER TRAVEL
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PLATE 23
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NORRIS RELEASE - 1000 CUBIC FEET PER SECOND

TENNESSEE VYALLEY AUTHORITY
DIVISION OF HEALTH AND SAFETY

UPSTREAM FLOW IN EMORY DEVELOPS ONLY ENVIRONMENTAL HYGIENE BRANCH
WHEN CLINCH RIVER FLOW IS BETWEEN
3,000 AND 7,000 CFS. EMORY RIVER

TIME OF WATER TRAVEL

MILE 00 TO 12.8
STRATIFIED FLOW




PLATE 24

TIME IN HOURS CLINCH RIVER FROM NORRIS DAM TO WHITEOAK CREEK
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CLINCH RIVER
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NORRIS TO WHITEOAK CREEK




